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The Contents of Phytic Acid P in Iforwegian 
Flour and Bread Types II. 

Factors Influencing Phytic Acid Decomposition during 
Breadmaking and the Contents of Phytic Acid P 
in Ordinary Norwegian Bread. 

By 

ARNE SCHULERUD. 

Bcccivcd 12 March 1947. 


In a previous paper the author (1944:) has determined the 
amounts of phytic acid P in various flours, and Ihe rate of their 
enzymatic decomposition in water suspensions. Among the cereals, 
rye was found to have the greatest phytase activity, followed 
by wheat and barley, while oats had none at all. In the meantime, 
several Danish examinations partly have confirmed the author's 
findings, such as the greater phytase acitvity of rye, and partly 
trown light over new sides of the phytic acid problem, both over 
its technological and its clinical side. JtbLLGAARD et al. have 
demor^trated the effect of various organic acids as "activators". 

The influence of phytic acid in the food on the absorption of 
phosphorus, calcium and iron, although still under discussion, 
makes an exact knowdedge of the contents of phytic acid com- 
pounds in the more important bread types desirable. This is a 
task which must be solved for every country separately, since 
flour types, baking methods and other factors will have a great 
influence upon the rate of enzymatic decomposition in the baking 
process. In the present paper, the author will give a survey of 
the usual Norwegian bread types in this respect, in connection 
with some examinations concerning more general sides of the 
phytic acid problem. 

1 — V121G1. Actapliys.Scandinav. Vol.l-i. 
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I. Conditions for the Decomposition of Phytic 
Acid P in Donghs. 

а) Quality of the flour. First comes the influence of the kind of 
the cereal, rye having the greatest phytase activity. Barley and 
oats usually do not appear in fermented bread, but during the war 
these cereals made quite a high percentage of Norwegian baking 
flour. The effect of these additions together with CaCOg, which 
was also added, will be treated in another publication. 

Then follows the degree of flour extraction. In the seed, phytic 
acid is located in the outer layers and the bran, and consequently 
the amounts will increase with increasing extraction. In straight 
flours, there is a close correlation between ash contents and the 
quantity of phytic acid P, which can be expressed by the equation 

% phytic acid P = % ash • 0.16 — 0.036 

This equation, based upon the examination of 34 different flours, 
has a correlation coefficient of -j- 0.935, and is valid for straight 
flours from wheat, rye and barley, and permits an approximate 
calculation of the percentage of phytic acid P in such flours, 
when the ash contents is known. Oat products and bran do not 
follow this equation. 

б) Water contents of the doughs. In a dough, most of the water 
is bound colloidally to the swelling proteins. Since the decomposi- 
tion of the phytic compounds is dependent upon diffusion and 
solution, the process will be influenced by the amounts of free 
water present, and a slack dough give better conditions than a 
stiff one. From the author's experiments, an illustration to this 
is given in Figure 1. 

The baker wants a definite consistency of his doughs, and will 
choose the proportion flour: water to give the proper stiffness. 
This ratio will vary with the flour quality and with additions 
such as salt, sugar and acids, and also from one bakery to another, 
giving great variations in the consideration of this factor. 

c) Bough temperature. Several investigations have been made on 
the thermoresistance of the phytase. By low temperatures 
its activity is small, but an increase in temperature from 20 to 
30° C seems to accelerate the decomposition process with some 
thirty percent. Normally, dough temperatures do not exceed 
the interval 25 — 35° C. However, since the enzyme has its optimum 
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at 55° C and hardly is inactivated till above 70°, its activity will 
proceed during the first time the loaves arc in the oven, and may 
play an important part. How far this oven effect will go, depends 
upon how fast the heat penetrates into the loaves, that is the size 
of the loaves and oven temperature. At elevated temperatures 
the phytase pH optimum is moved into a more acid direction. 



Figure I. Rate of phytic ncid decomposition in doughs with diffcrentXdry mutter 
contents. Left; Wartime flour of whole rye with 16 % barley and oats plus an 

addition of 0.4 % CaCO„ right pure whole rye without calcium addition. 

Big loaves made from sour dough and slowly penetrated by the 
heat will offer most favourable conditions for the decomposition 
of eventually remaining phytic acid P, and better, the sourer the 
dough. 

d) The dough scheme. It is evident that phytic acid decomposi- 
tion will go farther, the longer a dough is allowed to rest. In prac- 
tical baking this dough rest is, and must be, different for different 
bread types. Wheat generally has a short scheme, rye a long one. 
In sour dough baking the x>rocess goes through several steps, 
new amounts of flour and water being added each time. All 
phytic acid may be split before every new addition, and sour 
dough therefore is the best scheme in this respect, but it is lim- 
ited do rye and even to such bread where the sour taste is not 
disapproved of. In Norway, where sour bread is not wanted, the 
sour dough is substituted by a sponge dough, giving very little lactic 
acid fermentation overnight. In the sponge, full decomposition 
can be obtained, but the development in the final dough depends 
on further conditions, I\Tiole meal wheat bread may also be made 
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with a sponge, but white bread usually by a “direct” dough, 
resting a couple of hours only. 

e) Acidity of the dough. At room temperature, phytase activity 
has its optimum at pH 5.2 — 5.4. In wheat doughs, pH will be 
about 5.8 — G.2, and tbe conditions thus not very favourable. 
They are better in rye doughs, even if they are not made with 
sour dough. If pH of the doughs can be adjusted to about 5.3 
with small amounts of a suitable acid, such as lactic acid, de- 
composition rate can be favourably influenced, and this can be 
done in some cases without barm to the baking quality or the 
taste of the loaf. At elevated temperatm-es, in the oven, the pH 
optimum moves into the sour direction. How'ever, the process 
is not influenced b}’’ pH only, but also by the kind of acid anion, 
and since the picture is contaminated in the presence of calcium 
salts, it is necessary to treat these questions separately. 


11. Effect of Acid Anions on Phytic Acid Decomposition 
Alone and in Presence of Calcium. 

Mollgaard et al. have reported that organic oxy acids 
act as activators on phytic acid decomposition, with tartaric and 
citric acid as the most effective in doughs containing 0.5 % Ca. 
Hoff- Jorgensen and Porsdahl, however, find lactic acid better 
in their experiments with Na-phytate solutions. In Mollgaard's 
publication a great number of organic acids has been studied, 
but a full evaluation of the results is not possible, since in the 
same series of experiments different flours have been used, with 
different amounts of total P, phytic acid P, and very probably 
different phytase activity. Besides, the experimental doughs have 
not been adjusted to the same pH, which is very important. 
Prom Mollgaard’s tables, the author has extracted the data 
which are comparable, being derived from the same flour at the 
same pH, and thus found the following order of activity of the 
acids; 

1. Tartaric acid 

2. Citric acid 

3. Malic acid 

4. Lactic acid 

5. Pyruvic acid 

6. Gluconic acid 
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With hran extracts in Na-phytato solutions, Hoff-Jorgknsek and 
PoRSDAHL find tliis order: 

1. Lactic acid 

2. Citric acid 

3. Tartaric acid 

4. Acetic acid. 

Tor the activating effect, it is agreement that the active prin- 
ciple is the OH-group of the acids. Tor instance, acetic acid has 
very little effect, while the corresponding OH-suhstituted acid, 
glycolic acid, in Mollgaard s studies seemed very active. In 
presence of calcium ions, phytic acid will j>recipitate an unsolublc 
Ca-pentaphytate, wliichwill greatly retard the work of the phytase. 
Now, hi- or tricarbonic oxy acids have the jiowcr of bringing this 
salt into complex solution and thus restoring to some extent 
the conditions for enzymatic splitting. Since monocarbonic acids 
have not this power, they rvill be inferior in presence of calcium, 
and thus tartaric and citric acid were found best by ^iIOllgaarb, 
while lactic acid %vas better in the Ca-free Na-phytatc medium of 
Hoff- J orgensen— P orsdahl. 

The effect of acids on phytase, then, seems to consist of three 
factors: 

1. Hydrogen ion concentration 

2. Chemical constitution and dissociation 

3. Power of forming complex, soluble salts. 

Factor 3 is of importance in presence of calcium only. Further, 
calcium must be present in soluble state. If it is added as CaCOg, 
which Avas usual during the Avar, the dough must be sour enough 
to bring it into solution. In the author’s experiments, no effect 
was found Avhen pH of the dough Avas 6 or aboAm. IIoAvevcr , 
Danish rye bread is sour, and so Avas NorAvegian bread during the 
war, and here the retarding effect on phydic acid decomposition 
must be expected. As for the hydrogen ion concentration any 
enzyme has its optimum at a definite pH, and in this re.spect 
is independent on the kind of acid used, except that the stronger 
the acid, the smaller the quantity necessary to giA^e this pH. 
Both Mollgaare and Hoff-Jorgensbn— Porsdahl operate 
Avith definite quantities of organic acids and adjust ])H by addi- 
tion of HCl or NaOH, but Ave are not permitted to assume that 
the inorganic anions are without influence. On the contrary, 
HofF'Jorgensen has demonstrated that the solubility of 
Ca-pentaphytate is larger in 1-molar than in 0.2-molar NaCI, 
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which, must he of importance in presence of calcium. Mollgaard . 
has stated that sulphuric acid has a retarding effect on phytase, 
but this statement is not valid, since it is drawn from three ex- 
periments with different flours, different amounts of added Ca, 
and different pH. Upon the whole, we cannot say that an acid 
has a retarding effect, we only can say that it activates more or 
less. To compare the effect of various organic acids, it would have 
given a better picture if equimolecular quantities had been used 
instead of the one percent solutions in Hope- Jorgensen — ^P oRS- 
DAHLS experiments. 

From what is said above, it is evident that the effect of an acid 
is dependent upon whether calcium is present or not. In doughs 
without added calcium, the quantity present will be small, in 
whole meal wheat, for instance, the ratio Ca : P is about 1 : 10, 
and this is too little to have any marked influence on the acid 
effect. Increasing amounts of added calcium, however, will change 
the picture, and these changes are subject of the following exam- 
inations. 


Methods. 

The doughs for examination were made in the farinograph 
with 300 gms of flour, 8 gms of yeast and 5 gms of salt, and suffi- 
cient water to give a consistency of 500 Brabender units. This 
is more correct than giving all doughs the same quantity of water, 
since the practical baker chooses the addition of water after the 
kind of the flour, until a definite stiffness of the dough is ob- 
tained. Besides, in the farinograph the dough at once gets the 
temperature wanted. CaCOs was added dxu?ing mixing, in lots of 
1.2 or 3.0 gms, corresponding to 0.4 and 1 per cent of the flour. 
The doughs were kept in a thermostat, and samples for analysis 
taken at suitable intervals. Acid solutions were added from a 
burette and washed out with part of the water. 

For neutralisation of 1.2 or 3 gms of CaCOs should be required 
24 or 60 ml of normal acid respectively. It appeared, however, 
that pH began to decrease when about half of these quantities 
were added, meaning that a sort of equilibrium is established 
between CaCOj, buffer substances and acid. Upon an addition of 
acid, pH was very rapidly balanced and kept constant during the 
whole experiment. The soluble Ca-salt first formed, will be pre- 
cipitated as Ca-pentaphytate, but if pH gets below 5, its solu- 
bility will be markedly increased, making better conditions for 
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the phytase. On the other hand, tte effect of the enzyme is re- 
stricted when pH gets below its optimum at 5.2-0.4 and the 
splitting process is the resultant of two opposite conditions: 
Increased solubility of the substrate 
Decreased activity of the enzyme. 



Figure 2. Influence of lactic, tartaric and hydrochloric acid anions on phytic acid 
decomposition. The graphs show remaining phytic acid P in percent of the origin- 
ally present in whole wheat doughs after 3 hrs. at 27° C. 


The more calcium present, the sourer the substrate must be 
to give sufficient soluble substance, and this explains both the 
smaller phytic acid decomposition tvith increasing amounts of 
Ca, and why the pH optimum is moved into a sourer direction. 
In addition to this fundamental process, then, comes the effect 
of the acid anion. 

I\Tiile the Danish investigators have operated with the same 
quantity of organic acids and adjusted pH by means of HCl or 
NaOH, the author has chosen to establish pH by means of the 
acid itself, because this is in better accordance with bakery 
practice. Thus, the sourer the dough, the more acid present. 
For the experiments, whole wheat meal was used, since this gave 
a suitable rate of decomposition. 

a) Effect of lactic, tartaric and hydrochloric acid in doughs without 
added calcium carbonate. 

The results, given graphically in Figure 2, show a better effect 
of lactic than of tartaric acid, in accordance with the findings 
of Hoff- Jorgensen and Porsdahl. Hydrochloric acid also seems 
very active. The pH optimum is about 6.3. The curves are not 
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syimnetrical around this optimum, but show a greater activity 
on the sour side, because the anion effect is increased by the 
higher acid concentration. It will be noted that this is the case 
even for HCl, demonstrating an anion affect of this acid. 



Pigure 3. Effect of tartaric and sulphuric acid anions on phytic acid decomposition 
in whole wheat doughs without added GaCO,, showing remaining phytic acid P 
in per cent after 3 hrs. at 30“ C. 



Figure 4. Same as Figure 3, hut 0.4 % CaCO, added to the flour, 

b) A covi'parison beiiveen tartaric ayid sid'pliuric acid in absence 
and "presence of calcium carbonate. From Figure 3, it is seen that 
even without CaCOj tartaric acid is a better activator than 
sulphm'ic. With small quantities of acid, the pH effect is dominant, 
but with increasing amounts the different anion effect gets visible. 
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By addition of 0.4 % CaCO, (Figure 4) the deco^P^f 
late is reduced for both, but most for sulphuric acid, and the 

totaSgTcXaddition to 1 »/. has no gxeat tatto 
effect for tartaric acid, since the activating anion concentration m 
increased correspondingly, but fox sulphuiic acid the effect is 
deleterious (Figure 5). 



c) Effect of neutralized acids in presence of CaCO^. 

The author’s experiments may be compared ■with some of 
Mollgaabd’s data, since the calcium addition is about 0.5 % 
for both series. This is done in table 3 . 

Table 1. 


Effect of free and neutralized acids on phytic acid decomposition in 
presence of approximately 0,5 % Ca in the flour. 


Dough 

nr. 

Author 

%Ca 
in flour 

% acid 

pH 

Eemaining 
Phytic acid 
P % 3 hrs. 

ICind of 
acid 

Notes 

1 

JL 

lO.7 

1.0 

4.8 

35 

Tartaric 


0 

M. 

0.5 

1.0 

6.9 

21 

J> 

■Neutr. w. NaOH 

3 

S. 

0.45 

1.85 

4.9 

16 



4 

S. 

0.45 

1.85 

6.3 

54 

'•> 

Neutr. w. NaOH 

5 

S. 

0.45 

1.0 

4.7 

63 

Snl- 



S. 

0.45 

1.0 



phuric 


6 

6.25 

54 

i> 

Neutr. w. NaOH 

7 

s. 

0.45 

None 

6.2 

50.5 

None 
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Doughs nr. 1, 3 and 5, having about the same pH, show a good 
effect of tartaric, bad of sulphuric acid. At pH 6.9 Mollgaard 
still finds an effect (dough nr. 2), but at 6.2 the author’s doughs 
nr. 4 and 6 do not differ from the control nr. 7 without acids. 
This supports the author’s view, that CaCOg has no effect when 
the medium is not sour enough to bring it into solution. 

III. Contents of Phytic Acid P in ordinary 
Norwegian Bread Types. 

Before the war four chief types of bread were usual in Norway, 
all of them made from flour of veil-defined and constant extrac- 
tion. These were white and dark bread of rye and wheat respec- 
tively. Whole meal was extracted to 92 — 94 % for both cereals, 
white rye to 67 and wheat flour to 73 %. Average composition 
for these flour types is given in table 2. 


Table 2. 

Contents 'of ash, total and phytic acid P, and Ca in in mgms pr 100 

gms of dry matter. 


Kind of flour 

Degree of 
extraction 

Ash 

Total P 

Phytic 
acid P 

Ca 

Wheat flour 

73 % 

560 

126 

38 

23 

White rye flour 

67 » 

870 

168 

100 

26 


92 — 94 » 

1,860 

425 

290 

44 

Whole rye meal 

92—94 » 

1,930 

400 

260 

52 


These percentages will, but for the contents of phytic acid P, 
be the same in dry matter of the bread (added NaCl not regarded). 
In eastern parts of the country, white wheat loaf was baked with 
skimmed milk instead of water. This meant an increase in dry 
matter of the bread of total P and Ca to 176 and 92 mgms. 

During the baking process, the phytic acid contents will be 
reduced to various degrees, in accordance with the kind of flour 
and the influence of the baking scheme, of which the most im- 
portant factors have been discussed before. These conditions, 
of course, will vary from one bakery to another, and, to get a 
true idea of the phytic acid contents of the bread types, numerous 
samples of bread were examined at different times. Now, the bread 
types of today are not quite the same as the normals before the 
war. The degree of extraction has been raised for the white flours, 
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Conienis of toial and phytic acid P in various bread types with data 

for their composition. 



Dry matter 
of crumb % 



In 100 gma of dry 
matter mgms 


Total P 


Phytic 
acid P 


In tho flour 


1. White wheat loaf. 
Vu 1945 


V, 1946 


2. White rye bread. 

“A 1945 

=‘/io 1945 

Vij 1945 


3. Whole wheat bread. 

‘Vu 1942 

Vi 1943 

““Vio 1945 

“Ao 1945 

=*/io 1946 

='Vio 1945 

Vii 1945 

“Ai 1945 

“Ai 1945 

V? 1946 


'V, 1946, 
'“/u 1946 . 


4. Whole rye bread. 
Viz 1945 


Vi 1946 

» 

% 1946. 


‘^Knelckebrod”', 
Grey type . . 
Brown » . 


'’‘’Flaibrod" . 

Commercial 

Whole barley from 
Valle, Setesdal . . . 




0.4 % 


73 None 
73 0.4 % 


256 92—94 None 

223 92—94 » 

120 92—94 » 

215 92—94 » 

240 92—94 » 

286 92—94 » 

313 92—94 » 

276 92—94 » 

235 92—94 » 

220 92-94 0.4 % 

ns 92—94 » 

213 92—94 » 

220 92—94 » 

207 92—94 » 


32 92 — 94 None 
0 92—94 » 

0 92—94 c 

108 92—94 » 

170 92—94 0.4 % 

— 92-94 » 

130 92—94 


225 92—94 

150 92—94 
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and the addition of CaCOg extended to all types. Notes for such 
alterations have been given in table 3, where the results of the 
examinations are reproduced. 

For white wheat bread, the degree of extraction first was the 
same as before the war. Later, it has been raised to 80 %, but 
even here little or no phytic acid was found. The dough liquid 
has been water. In a baking experiment (the milk situation does 
not as yet permit use of skimmilk in commercial bread) was 
found 55 mgms of phytic acid P in the milk loaf, none in the 
water loaf from the same flour. This may indicate a retarding 
effect of the calcium salts from the milk, but, as these raise the 
total calcium contents to 100 mgms, there will be a fair excess 
even if all phytic acid is precipitated. From nutritional reasons, 
then, it is highly advisable to bake this bread with milk, when 
available. 

This procedure, however, cannot be recommended for whole 
wheat bread because of its high contents of phytic acid. 

The normal household bread from white rye flour, usually 
containing 15 — 30 % wheat, has proved free of phytic acid in all 
cases examined, although 0.4 % CaCOg was added to the floiir, 
and the degree of extraction was a little elevated (73 % against 
67 % before the war.) For provisional reasons, this flour type has 
not as yet been established. At present, January 1947, it contains 
equal parts of rye and wheat extracted to 80 %, but even now 
little or no phytic acid has been found in the bread. Consequently, 
when this higher extraction holds, we can feel certain that the 
normal bread of 67 %-extracted flour will always be free of ph}’tic 
acid. 

In whole rye bread, the contents of phytic acid can vary rather 
much, some samples showing nothing at ail, while others may 
contain considerable quantities. Because of the high phytase 
activity of whole rye, it should not be difficult to bake this bread 
free of phytic acid. However, this bread makes but a small part 
of the total consumption, and so the case with the hard types, 
“kneldcebrod” and “flatbrod”, where the contents of phytic acid 
usually are high. It should be noted that “knekkebrod” appears 
in two types, one brown, fermented with yeast, and one greyish 
white, leavened with air which is whipped in by low temperatiue, 
the dough being cooled with ice. In this case, phytase activity 
obviously must be low, and correspondingly much phytic acid 
is found. Swedish and Danish examinations confirm the author’s 
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findings, that in grey “knekkebrod” about % of the total is present 
as phytic acid P, against Va in the brown type, where dough 
temperature is more normal. 

It remains to make a review of the physiological importance of 
these findings. If phytic acid in the intestine is precipitated as 
penta-Ca-phytate, 6P corresponding to 5Ca, 1 gm of phytic acid 
P should precipitate 1.075 gms Ca, Por instance, in oatmeal with 
an average of 195 mgms of ph>d;ic acid P, theoretically 317 mgras 
Ca might be precipitated, or, since oatmeal contains only 57 mgras, 
not less than -260 mgms might be precipitated from other foods 
if present. This gives the interesting consequence, that if oat 
porridge is eaten with 200 ml milk containing 210 mgms Ca, this 
calcium should be completely lost, unless the milk is taken some 
time before or after the porridge! For this reason it has been ad- 
vised to improve oat products by addition of 1 % CaHP 04 or 
CaCOs, giving sufficient Ca for immobilization of the phytic acid. 

We can assume, however, that these theoretical losses will 
never be reached. Apart from the possibility, that some of tlie 
Ca-phytate may be utilized, which is not yet finally decided, 
another moment may play an important part, namely the pres- 
ence of magnesium in the food. Phytic acid is liable fo form 
heavily soluble Ca — Mg double salts, in fact, such compounds form 
a great part of the natural “phytin” in plants. It has not been 
studied what compounds will be precipitated with different pro- 
portions Ca : Mg in solutions, and not the relative solubility of 
these compounds by varied hydrogen ion concentrations. In whole 
wheat, Mg dominates over Ca in a proportion i ; 1, and it is 
permitted to expect that this will influence upon the precipita- 
tion of Ca in the intestine. On the other hand, the clinical investiga- 
tions of Harrison and Mellanby, McCance and Winbow- 
soN and of Andersen and Hoff- Jorgensen, give evidence of 
a reduced utilization of Ca and Fe on a food rich in phytic acid, 
and this at any rate makes it desirable to have this compound 
removed from the food as far as possible. 

From the important Norwegian bread types only the whole 
wheat bread, Kneip- or Graham bread presents a steady appear- 
ance of greater quantities of phytic acid. This fact deserves con- 
sideration, siace this bread is specially recommended by some 
health propagandists because of its high contents of minerals 
and vitamins, and forms an important part of the so called Oslo 
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breakfast. It can be stated now tbat tbe value of the minerals is 
overrated. In' this connection, a warning must be given against 
the recommendations of certain physicians, of giving babies 
porridge of whole meal wheat. In porridge cooking, namely, the 
phytase activity has no chance at all, and the full amount of 
phytic acid comes into the food. 

In whole wheat, the phytase activity is much lower than in 
rye, and even if something can be obtained by proper measures 
in a bakery under control of a modern laboratory, we never can 
expect to bake whole wheat bread free of phytic acid. 

During the war, the 95 %-extracted meal contained, at times, 
large quantities of oats and barley, and had an addition of 0.4 % 
CaCOs in order to give the population a source of calcium as a 
substitute for the milk. The value of such a step, which may 
seem doubtful, will be discussed in another publication. After the 
war, this addition has been extended to all flour types, dark and 
white. The author’s examinations have shown that CaCOs in a 
dough does not impair the phjd^ase activity so long as it is not 
dissolved, but when this takes place, that is on the first appearance 
of acidity, the phytic acid decomposition will be retarded. Con- 
sequently, the more calcium present, the more phytic acid will 
be left intact, and the more Ca-phytate formed. The question 
then arises, shall we add calcium salts to precipitate the phytic 
acid, or should we avoid calcium to obtain a better phytic acid 
decompositioni So much is clear, that a calcium addition is much 
more valuable in white than in whole meal flours, and con- 
sequently, as long as an addition of calcium to our food is found 
necessary, the author will recommend that it be limited to white 
flours only. 

Ackjiowledgement: The author is indebted to J. L. Nerlien’s 
fond for economical support. 


Snmmary. 

Factors influencing phytic acid decomposition during baking 
are type of cereal, degree of flour extraction, temperature, acidity 
and moisture contents of the dough, and dough scheme. The 
effect of some acid anions in presence and absence . of calcium 
carbonate is studied. Without Ca, lactic and hydrochloric acid 
proved most effective. With Ca, tartaric and citric acid are better 
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because of tbeir couiplex-foriuing capacity, and sulpliuric acid 
worse the more Ca is present. As a whole, increasing amounts of 
Ca will retard phytic acid decomposition, but an addition of 
CaCOg is not harmful unless the dough is sour enough to bring it 
into solution. 

Data on the contents of phytic acid in ordinary Norwegian 
bread show that among the more important types, only whole 
wheat bread, “kneipbrod”, regularly contains appreciable quanti- 
ties. The value of this bread as a mineral source, then, is over- 
rated because of the precipitation of Ca and Pe in the intestine 
in presence of much phytic acid. This precipitation, however, 
probably will not obtain its theoretical value, because Mg, which 
has a great overweight over Ca in wholemeal bread, is likely to 
take the place of some Ca in formation of unsoluble double salts 
with phytic acid. 

After all, the value of adding calcium carbonate to whole 
meal flour in order to make it a source of calcium seems doubtful. 
If such a gift of calcium still is found necessary, it will be more 
rational to linait it to white flours, from which the bread practic- 
ally is free of phytic acid. 
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Ilistaiuinc and Reactive Hyperaeinia. 

By 

KERSTIN EMMELIN and NILS EMMELIN. 
Received 26 March, 1947. 


The question whether histanhne plays a part in reactive hyper- 
aemia still remains imsettled. Wrereas Barsodm and Gaddum 
(193D), Barsolm and Smirk (1936) and Anrep et. al. (1944) 
found an increase in the histamine content of the venous blood 
or plasma emerging from a limb during reactive hyperaemin, 
after a period of circulatory obstruction, other investigators were 
not able to find such an increase (ICvuatkowskv 1941, Emmelin, 
Kahlson and Wickseul 1941). The negative results, however, 
do not justify the conclusion that histamine is not the agent 
responsible for the vasodilatation of reactive hyperaemin. Hist- 
amine accumulated in the tissues during the circulatory arrest, 
might be inactivated locally or removed by the lymph. Even if 
it escapes into the blood stream the possibility remains that the 
rise in histamine concentration of the venous blood, collected 
from a limb during reactive h)q)erncmia, is too small to be detected 
with the methods available. It is well laiown that histamine in- 
jected intravenously can elicit vascular responses 'without causing 
an increase in the blood histamine concentration great enough 
to be detectable in a blood sample, extracted and tested on the 
isolated guinea-pig gut in the usual way (Rose 1940, Emmelin, 
Kahlson and ^YlCKSELL 1941). 

The antihistamine substance /J-dimcthyl-aminoethyl benz- 
hydryl ether hydrochloride (Loew et al. 1945) is known strongly 
to antagonise the action of histamine on the arterial blood pres- 
sure. (Wei.t.s et al. 1945, Loew et al. 1946). By using this drug 
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it msty 1*6 possible to tackle tbe problem of a relation of histamine 
to reactive hyperaemia in another way. 


Methods. 

The experiments were performed on cats imder chloralose. The blood 
pressure in the carotid artery was measured by means of a mercury 
manometer. The volume of one hindleg -was registered by using a ple- 
thysmograph described by Dale and Richards (1918). The iliac 
artery of the limb was freed close to the aorta and other arteries to 
the leg were tied. Circulatory arrest was brought about by putting a 
clamp on the iliac artery. Intraarterial injections of histamine and 
acetylcholine were made through a cannula introduced into the central 
stump of the iliac artery of the other leg close to the aorta. /5-dimethyl- 
aminoethyl benzhydryl ether hydrochloride^ was given intravenously 
in a dose of 10 mg/kg of body weight. 


Besnlts. 

Eight experiments were made giving concordant results. Tbe 
figure shows a typical experiment. Arterial obstruction during 
one minute (at 1) is followed by. a marked increase of the leg 
volume. Intraarterial injections of histamine (0.00& y at 3 and 
0.001 y at i) and of acetylcholine (0.006 y at 5) cause similar 






B H B ^ h B ^ 1^ 


Cat under chloralose. Records from ahove* volume of left ViinriUr. w 
injectioa of 10 mg/kg deseryl. 


2 i72l61. Acta phys. ScanditMv. Vof. 14. 
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effects whereas the corresponding volume of pure Tyrode solution 
(0.4 ml at 2) scarcely has any effect. Deseryl given intravenously 
causes only a very transient fall in blood pressure if injected 
slowly. After deseryl circulatory arrest is still followed by marked 
vasodilatation. Histamine on the other hand gives only a small 
response. From the figure it can be seen that 0.005 y histamine 
elicits a much smaller effect after deseryl than did 0.001 y before 
administration of the antihistamine substance. The action of 
acetylcholine is not much decreased by deseryl. It may be ob- 
served that the action on the arterial blood pressure of both 
histamine and acetylcholine given intraarterially into the leg is 
reduced after deseryl whereas reactive hyperaemia is still ac- 
companied by a fall in blood pressure. 

Discussion and Summary. 

The experiments show that )?-dimethyl-aniinoethyl benzhydryl 
ether hydrochloride markedly reduces the effect of intraarterially 
injected histamine on the vessels of the cat’s hindleg. The anti- 
histamine substance does, however, not diminish the vasodilata- 
tion following circulatory obstruction. Thus the experiments do 
not support the view that histamine is responsible for the vaso- 
dilatation of reactive hyperaemia. The possibility remains that 
the drug may abolish the effect of histamine, reaching the vessels 
by the blood stream, but not that of histamine, released into the 
tissue spaces. Against this objection it may, however, be argued 
that deseryl diminishes the response of the skin vessels to intra- 
cutaneously injected histamine (Gilje 1947). 
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The Toxicity of a Dialyzed Casein Digest, 

By 

LEONARD GOLDBERG and K. ARVU) J. WRETLIND. 
Received 1 April 1947. 


Amino acids, prepared \>y enzymatic hydrolysis of protein, 
especially casein, have been used in medicine and surgery during 
the last few years for conditions of protein lack. 

In Sweden a mixture of amino acids, t>Ammosol», prepared 
by AVbetlind (1944), has been used, both orally and parenter- 
ally. The product is made by digestion of pure cascin with trypsin 
and erepsin. After hydrolysis the digestion mixture is dialyzed, 
by which a preparation is achieved, containing pure amino acids 
and a smaller part of low molecular peptides. High molecular 
peptides and proteins do not pass the dialyzing membrane. 

As the need for protein is large in several pathological conditions 
it is desirable in some cases to be able to administer as much as 
200 g protein a day or more. AYbetlind (1944) has given 600 ml 
3.3 % Aminosol intravenously to a rabbit weighing 2 kg with no 
ill effect. If it cou^d be assumed that the toxicity in man corres- 
ponds to that in rabbit, tbis dose would imply 17.6 1 3. .3 % Amino- 
sol or 578 g amino acids. A more exact knowledge of the toxicity 
of amino acids or mixtures of amino acids is essential, and the 
aim of this work is to determine the toxicity of this enzyme casein 
hydrolysate. 

Products tested. 

determination of the toxicity a dialyzed casein digest (“Amino- 
sol ),i prepared according to Wbbtlind (1944), has been used. Products 
mtended for oral and parenteral use have been tested. 

* Manufactured and placed at our disposal by Vitrum, Stockholm. 
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The product for oral use contained 12. o % nitrogen and the product 
for intravenous use 12.7 % nitrogen, calculated on dry substance, of 
which. 76 and 67 % respectively are found as free amino acids and the 
rest as peptidebound nitrogen (Wretlind 1947). The following amino 
acids are found in free form; 

alanine, arginine, asparaginic acid, glutamic acid, histidine, iso- 
leucine, leucine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophane, tyrosine, valine. 

Some of these amino acids are found as sodium salts and thus the 
solutions had a pH of 7.0 — 7.3. 

Orally: Aminosol dry powder (12.0 % nitrogen) was suspended in 
distilled water to a concentration of 20— AO % (20, resp. 40 g per 100 ml 
suspension). 

Parenterally : a. The ordinary 3.3 % Aminosol solution (0.42 % nitro- 
gen) for intravenous use was injected in some preparatory experiments. 

b. In order to get a higher concentration the 3.3 % Aminosol solution 
was concentrated in vacuo to 10 % (1.27 % nitrogen), this solution used 
in some preparatory experiments. 

c. For use throughout the experiments the Aminosol was concentrated 
in vacuo to 26 % (3.29 % nitrogen). 


Experimental. 

A. Oral toxicity. 

The oral toxicity was determined in 15 rabbits, 2.2 — 4.2 kg, 
by administering the Aminosol suspension by stomach tube, in 
doses from 10 to 20 g per kg, the whole dose was given within 6 
minutes. 

In order to be able to administer lethal doses with a reasonable 
quantity of solution we used concentrations between 20 and 40 %; 
thus a very hypertonic suspension — 2.5 % solution being iso- 
tonic with the blood. 

The animals who died showed a distended abdomen and a 
heavy dyspnea. On postmortem examination the bowels were 
heavily distended and filled with a great quantity of a light- 
brownish liquid with the characteristic smell of Aminosol. These 
findings speak in favour of the assumption that water to a con- 
siderable degree has passed over to the intestines from the rest 
of the body. 

The results of these experiments are shown in table 1. 

It is evident from these experiments that the lethal dose (LDso) 
lies between 12.5 and 16 g per kg body weight with a 20 — 40 % 
suspension. 
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TflWo 1. 

Oral Adminislralion of Aminosol in rabbits. 


Dose 

Nnmber 

of 

nnimals 

Mortality. 

Gone, 

% 

e/kg 

28 

10 

1 

0/1 

40 

10 

2 

0/2 

20 

12.6 

1 

0/1 

40 

12.6 

3 

1/3 

20 

15 

1 

m 

40 

15 

4 

4/4 

40 

20 

3 

3/3 


B. Parenteral toxicity. 

Mice. Ammosol was administered subcutaneously to ivliitc 
mice, mainly males, weighing 11—22 g, on an averogc 15—18 c, 
134: animals in all. 

A 3.3 % solution, administered in doses of up to 0.15 ml per g, 
corresponding to 10.5 lit, in a 70 kg person, proved to be non- 

toxic. The animals only showed a slight decrease in spontaneous 
activity. 

A concentration of 10 %, when administered in doses of more 
than 0.1 ml/g, proved to be fatal. Before exitus wdiich came after 
1-4: hours, concisions, loss of righting reflexes and lateral posi- 

totoST «:iI>™tory and aaidiac 

The lethal doEC -was determined by administration of n 20 V 

solution to no animals in all, in doses ot 0.05 to 0.15nH/g The 

LD., ms determined graphically after transformation of per- 

centage mortality to probits according to Buss /JOOSl . .i 

plotting the probit values against log doL fvS ^ 

tilmear relation (fig. 1.) LD was 9n 9 ir/iZ j ^ 

de^dation 30.0 %. The convulsion standard 

gjkg. convulsion dose was approximately 10 

. Guinea-'pigs. The intravenous toxicitv i , 

intravenous injection in guinea-nias folf • f ® 

(1826) technique tor assaLv carile^l ”1 Knappl-Lbnz 
principles, stressed by G^pbero (1912) “ 
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PROBITS 



Fig. 1. Dose-Mortality Curve of Aminosol ia Mice. Number of animals at each 
dosage and LD^j at the arrow. Abscissa: Log dose mg Aminosol per g animal subout. 
in 26 % sol. Ordinate: Probits. 


The animals, weighing 400 — 530 g, 10 animals in all, were 
anesthetized by subcutaneous injection of 1.75 g urethan per 
kg body weight in 20 % solution. After 1—2 hours the trachea 
and one jugular vein were cannulated, and the Aminosol solution 
in a concentration of 26 % was slowly injected at a constant 
rate of 1.5 ml per minute. When the respiration ceased, the chest 
was opened, artificial ventilation set in, and the injection was 
continued at a rate of 0.5 ml per minute, until the heart definitely 
stopped. 

The respiratory standstill occurred with this technique after a 
mean time of 17 minutes, and the mean dose was 56.4 cc/kg, 
corresponding to 14.6 g/kg (table 2). 

The cardiac standstill occurred after 21 minutes on an average 
and the lethal dose was 66.5 ml/kg, corresponding to 17.3 g/kg. 

Rabbits: 

A. No anesthesia. Injection*of 10 ml/kg of a 26 % solution, 
corresponding to 2.6 g/kg, into the marginal vein of the ear at a 
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Table 2. 


Intravenous Administration of Aminosol in Anesthetized Gmnea-Ptgs. 
Cone 86 Injection Rate S.3 mlhmnllcg^ Anesthesta 

- - iX WM Z*/T 


Nr. 

SVeigtt tg 

Injectioa Time min 

Volume per leg ml 

Resp. 

Standstill 

Cardiac 

Standstill 

Resp. 

Standstill 


1 . . . . 

. 0.600 

19 

19 

60.0 

60.0- 

O 

0.42 0 

11 

17 

52.4 

70.2 

o . * • - 

0.470 

17 

17 

58.B 

58.5 

4. . . . 

0.440 

17 

22 

58.0 

71.5 

5. . . . 

0.5SO 

17 

20 

45.8 

49.0 

6. . . . 

0.400 

16 

27 

60.0 

86.1 

7 . . * . . 

0.480 

21 

26 

62.6 

75.0 

8. . . . 

0.490 

20 

24 

61.1 

65.4 

9. . . . 

0.466 

19 

28 

58.0 

81.7 

10. . . . 

0.440 

14 

14 

47.7 

47.7 

Mean; 


17.1 

21.2 

1 56.4 

66.6 


constant rate of 3 ml/min in 6 rabbits, weighing 1.0— 3.1 kg, 
brought about only slight symptoms: one animal showed some 
loss of spontaneous activity, a slight change in righting reflexes, 
an increase of respiration, and the symptoms had passed in 1 — 9i 
hours. The other animals showed no symptoms. No fatalities. 

Injection of 15 ml/kg in 26 % solution in 5 animals, 1.8 — 3.1 
kg, at a rate of 3 ml/min, brought about the same symptoms in 
somewhat heavier form in all animals, no fatalities. 

Injection of 25 ml/kg of a 26 % solution in 6 animals, 1.7 — ^2.5 
kg, proved to be fatal in 3 animals out of 6, the death occurring 
within 6— 24r hrs, and preceeded by total loss of righting reflexes, 
running movements in the limbs and shallow respiration. The 
other animals recovered. 

S. Anesthesia. The acute intravenous lethal dose was determined 
by slow injection of 26^ % Aminosol into a jugular vein at a con- 
stant rate of 3 ml/min, after anesthetizing the animals with 
1.4 g— 1.6 g methan per kg intravenously in 20 % solution and 
then proceeding like in guinea-pigs. The respiration standstill 
occurred after 46 minutes, and the dose was T1.4 ml/kg, corres- 
ponding to 18.5 g/lcg. 
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Table 3. 


Iniravenous Adtninisiraiion of Aminosol in Anesthetized Rahhits. 
Cone. 86%, Injection Rate l.S mlfmin/'hg. Anesthesia 1.4 — 1.6 g 

urethan per leg 


Number 

of 

animal 

Weight kg 

Injection Time min 

Yolnme per kg ml 

Eesp. 

Standstill 

Cardiac 

Standstill 

Resp. 

Standstill 

Cardiac 

Standstill 

1 . . . . 

1.960 

53 

64 

82.5 

99.2 

2. . . . 

2.070 

50 

64 

72.5 

87.9 

3. . . . 

1.720 

25 

30 

43.6 

49.7 

4. . . . 

1.870 

55 

83 

87.1 

133.0 

5. . . . 

2.170 

— 

70 

— 

96.8 

Mean; 


46 

62 

71.4 

93.8 


The cardiac standstill occurred after 62 minutes, and the lethal 
dose was 93.3 ml/kg, corresponding to 24.2 g/kg. (Table 3.) 


Discussion. 

'\\Tien trying to calculate the toxicity in man from the values 
found in animals, the following facts must be borne in mind: The 
tolerance of mice is generally higher than that of man, whereas 
the tolerance of guinea-pigs or rabbits corresponds more to that 
in man. Further it is known that the toxicity of many substances 
increases with increasing concentration, which has been shown 
among others for local anesthetics (Goldberg, to be published). 

This seems to be true also for Aminosol, as it was impossible to 
produce toxic symptoms by a 3.3 % solution in a rabbit (Wret- 
LIND 1944), when given up to 8.25 g/kg, but in our experiments a 
26 % solution proved to be lethal at a dose of 6.5 g/kg. Finally 
it must be stressed that the intravenous toxicity depends also on 
the injection rate. 

As to the oral toxicity it must be emphasized, that the real 
toxicity most probably is lower than our values found, because 
we had to use very hypertonic solutions, 20 — 40 %, and the total 
volume administered was as much as 50 — 100 ml per kg. 

The conclusions from our experiments are given in table 4, 
from which will be seen that the lethal dose for man for intravenous 
adim'nistration will be approximately 14 lit. of a 3.3 % solution 
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Taljle 4. 


1 

Mice 

1 

110 

Subcutaneous 

26 % 

m 

20.2 

1,410 


42 1 

Guinea- 

Pig 

10 

Intravenous 

(Anesthesia) 

26 % 

3.8 

17.3 

1,210 

0.28 

36 

Rabbit 

15 

Oral 

20-40 % 

— 

12.6-15 

87.5- 

1,050 


27-32 

6 

Intravenous 

26 % 

1.5 

6.6 

445 

0.11 

14 

5 

Intravcnons 

(Anesthesia) 

26 % 

l.B 

24.2 

1,690 

0.11 

52 


0, ™ Cauma Mci.» « 

Corresponding 





1 


E 

Animal 

1 


Aiministration 

1 

Cone. 

Injec- 

tion 

Rate 

ml/min 

Letbal 
Dose . 

g/kg 


3.8 % Aminosol 


Acids Rate 
llt/min 


Totnl 
1 Amount 
lit 


and for oral use 875—1050 g amino acids. These figures refer to a 
single dose, and it can be assumed that if these quantities arc 
distributed over a whole day the lethal dose must be higher. 


Summary. 

The oral, subcutaneous and intravenous toxicity of Aminosol, 
an enzymatic casein digest, has been determined in mice, guinea- 
pigs and rabbits. The lethal dose was found to be: 

1. for mice 20.2 g/kg, administered subcutaneously in 26 % 
solution; 

2. for rabbits 6.5 g/kg, administered intravenously in 26 % 
solution; 

3. for rabbits 12:6—15 g/kg, when given orally in 40 % sus- 
pension; 

4. in guinea-pigs, using the Knafpi-Lekz tcciniqnc. the res- 
piratory standstill oeenited after 14,7 g/ltg, and eaidiae stand- 
still after 17.3 g/kg; 

6. in rabbits, using the same technique, the respiratory stand- 
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still occurred after 18.5 g/kg, and the cardiac standstill after 
24.2 g/kg. 

It could be assumed that this would correspond in man to an 
oral, single dose of approximately 875 — 1050 g amino acids, and 
intravenously to 14 liters of a 3.3 % solution. 
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On the subject of the regulation of the sectetion of gast ric juico 
muck work has been performed, judging from the extensive lit- 
erature existing, but opinions still differ more on this point than 
on any other point within the physiology of gastric secretion. 
The interest in the subject is quite natural, as tbe understanding 
of the regulation of the acidity has not only importance theoretic- 
ally, but also clinically in the treatment of peptic ulcer and re- 
lated diseases, where the acidity of the gastric juice is considered 
important for the origin of the disease. 

The problem of the acidity of the gastric juice at the moment of 
secretion is much investigated, but it can hardly be said that any 
acknowledged solution has been arrived at as yet. According to 
one opinion the gastric juice is always secreted with a constant, 
maximal acidity. When different acidities arc found during the 
course of secretion, this should be due to the gastric juice being 
mixed with mucus from the gastric mucosa, diluting, neutralizing 
or absorbing the acid. The greater the rate of secretion the less the 
effect of the mucus and the higher the acidity. This presumption, 
first set forth by Heidenhain, was accepted b)’" Pavlov and his 
school and seems subsequently to be the one most commonly 
adopted (Hollander and Gowgill, Teorell, Ihre, Bolton and 
Goodheart), 

Another explanation was given by Rosemann, who was of the 
opinion that the gastric juice is secreted with a fairly constant 
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chloride concentration, -whereas a varying concentration of the 
hydrogen ions in relation to the remaining kations, especially 
Na"^, causes the observed changes of acidity. 

Boldyrefp maintains that the principal reason for acidity 
decrease is regurgitation of duodenal juice into the stomach. 
A number of authors are of the opinion that a dilution takes place 
■with a neutral or alkaline fluid, which together -with the hydro- 
chloric acid should be secreted from the gastric mucosa (Katsch 
and ICalk, Lim, McLagan). Babkin stresses that the stomach 
mucosa is composed of various glandular structures and that the 
qualitative changes in the composition of the gastric juice may 
depend not only on the qualitative changes, but also on the 
quantitative changes in the activity of separate groups of cel- 
lular elements in a given gland. 

Finally, Teobell has put forward another explanation regarding 
the acidity fluctuations, namely that the gastric juice is secreted 
as practically pure HCl, isotonic with blood, and this is followed 
by a diffusion outwards through the gastric mucosa of H"*" ions, 
and an inward diffusion of Na'*' ions. The larger the amount of 
fluid, the slower the fall of acidity. Teobell points out, however, 
that several of the pre-viously mentioned factors probably are 
assisting in the acidity regulation. 

According to Alvabez, cytological-chemical researches of 
the gastric cells at the moment of secretion have sho-wn that the 
oxyntic cells secrete a gummy substance, probably a protein 
hydrochloride, which, passing through the lumen of the glandular 
tubules, is broken down, forming hydrochloric acid. The cyto- 
plasma of the oxyntic cells remains during the entire process of 
secretion practically of normal reaction or at least considerably 
less acid than the gastric juice (according to Dawson and Ivy 
the pH is between 6.8 and 3.0). Nor do chlorides concentrate in 
the oxyntic cells, whereas chlorides are said to accumulate in the 
tissues surrounding the gastric glands. 

Own Inyestigations. 

The present investigations have been based upon examination of 
samples of gastric juice obtained from human indi-vuduals by means 
of intravenous injection of insulin. A thin rubber tube is introduced 
into the stomach, and the resting gastric contents are aspirated, where- 
after 20 i. u. of insulin are injected intravenously. The stomach is com- 
pletely emptied every 15 — ^20 minutes. Approximately 30 minutes 
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after the injection a vigorous increase of the volume and acidity of the 
gastric juice is ohservea, and considerable amounts of jmce can as 
a rule be aspirated during the following 60—90 minutes. The samples 
collected are examined for 1) volume; 2) acidity, by tritration with 
n/10 NaOH, using dimethyl-aiamido-azo-benzol (Topfeis reagent) 
as indicator; 3) chlorides, determined by the method of Volhard; 

4) pepsin, ad modum Mett. . , . • 

The samples have been taken partly from persons without gastric 
disease, partly from persons with gastric diseases, such as peptic 
ulcer or gastritis, the two groups comprising 33 and 54 persons, re- 
spectively. For comparison a series of samples of fasting gastric juice 
has been collected from a number of these persons without stimulation 
of any kind. The testa include 172 samples of fasting gastric juice without 
stimulation and 365 samples after stimulation with insulin. 


Relation between Acidify and Chlorides 
of the Gastric Juice. 

The question arises whether the acidity and the chlorides of the 
gastric juice are functions of one another, or on the contrary in- 
dependent of one another. In order to solve this problem the 
results from all samples of juice have been arranged according to 
acidity, placing all samples with acidity 1 — ^9 m.eq./liter in one 
group, samples with acidity 10 — 19 m.eq./liter in the next, 20 — 29 
m.eq./liter in the following, etc. The group with acidity 0 is taken 
separately. An average figure for rate of secretion, acidity, chloride 
and pepsin is computed for each group. 

In Table 1 the results are given of these average computations 
for all groups of juice saniples after stimulation with insulin, 
together with the standard errors of the acidity and chloride 
means and the standard deviations of the chlorides. Results of the 
172 samples of fasting -secretion are computed and tabulated in 
the same way. The fasting juice has been obtained fractionally, so 
that the time during which each sample of juice has been secreted 
is known, thus enabling the rate of secretion to be determined. 

It will be seen from the table that a close relation exists between 
acidity and chloride. Increasing acidity corresponds to increasing 
chloride. Calculation of mean error and standard deviation shows 
rather narrow limits for each particular group. At acidity 0 an 
average chloride value of 70 ±4. 8 is found, together with a 
standard deviation of 20, i. e, 2/3 of the chloride values can be 
expected within 60 and 90 m.eq./liter. At higher acidities more 
narrow limits ate found. The group with acidity between 60 and 
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69 shows an average chloride of 114 ±2.2 and standard devia- 
tion ± 10, whereas the group with acidity 100 — 109 shows an 
average chloride value of 135 ±0.9 with standard deviation 
of ± 5. 

The neutral chlorides show a distinct decreasing tendency from 
the average of 70 m.eq./liter at the acidity 0 to app. 20 m.eq./liter 
at the highest acidities. 

Contrary to this the rate of secretion only shows little paral- 
lelism to the acidity; a tendency, however, is noted to increased 
rate of secretion with rising acidity. On an average app. 1 ccm/min. 
is secreted at the lower acidities, 2 ccm/min, at the higher. 

The pepsin activity shows an increasing tendency when the 
acidity rises from 0 to moderate values. At higher acidity there is 
apparently no parallelism between pepsin and acidity. At acidity 
0 an average pepsin value of 52 is found, whereas at acidities of 
80, or more, a pepsin value of 200, or more, is found (measured 
by the square of the lengths of the digested protein columns.) 

Comparing gastric juice obtained by insulin stimulation to 
juice produced without stimulation (Table 1), a close concordance 
will be noted. However, acidities above 70 to 80 m.eq./liter are 
seldom met with without stimulation, while insulin stimulation 
frequently brings about acidities in excess of 100 m.eq./liter, 
the highest found being 142 m.eq./liter. The groups, for which 
a comparison can be made, i. e. groups with acidity from 0 — 80, 
are, however, nearly identical in regard to values of total chloride, 
neutral chloride, rate of secretion and pepsin, no deviation con- 
siderably exceeding that to be expected according to the standard 
error of the means. 

From this it may be seen that juice after insulin stimulation 
does not show any essential difference from fasting juice, apart 
from the fact that, after insulin, samples of considerably higher 
acidity, chloride and pepsin content can be collected than \vithout 
stimulation. Insulin juice of lower acidity is entirely like secretion 
without stimulation, the higher acidities constituting an exten- 
sion of the series of acidity values. 

On the diagrams (Fig. 1 and 2) the curves represent correspond- 
ing figures of acidity — total chloride and acidity — neutral 
chloride, respectively. It will be seen that these curves are nearly 
straight lines as to the insulin tests as well as to tests with gastric 
juice without stimulation, and that these two sets of curves are 
very similar. 
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Table 1. 

Secretion after stimulation by tiisKfin. 





1 Mean of 


1 

1 



Volume 

of 

secretion 

(cem/min.) 





Group 

of 

acidity 

Number 

of 

samples 

Acidity 
witli mean 
error 

Total 
chloride 
with mean 
error 

Neutral 

chloride 

Pepsin 

nun’ 

0 

17 

1.2 

0 

70i4.S 

70 

52 i 

1— 9 

7 

1.2 

6J-0.3 

804-5.9 

74 

65 ) 

10— 19 

24 

1.4 

lo±0.5 

85±4.0 

70 

142 

20— 29 

28 

1.2 

24±0.5 

94±2.7 

70 

135 

30— 39 

29 

1.4 

35±0.4 

105±2.4 

70 

155 

40— 49 

26 

1.5 

44±0,5 

104±2.C 

60 

188 

60— 59 

30 

1.5 

54±0.5 

n2±I.G 

58 

130 

60— 69 

22 

1.4 

64±0.C 

n4-f2.2 

50 

IGC 

70— 79 

24 

2.0 

74±0.G 

121±1.5 

47 

184 

80— 89 

30 

2.5 

84±0.r> 

125±],3 

41 

199 

90— 99 

37 

1.9 

94±0.5 

132-4-O.S 

36 

214 

100—109 

29 

1.9 

105±0.5 

135±0.9 

30 

186 

110—119 

26 

2.3 

1I4±0.5 

14]±1.1 

27 

225 

120—129 

20 

1.8 

123±0.G 

14C±1,1 

23 

265 

130—139 

12 

2.5 

134i;0.7 

152±1.1 

18 

op-j 

140 — 149 

4 

3.2 

141 j^O.6 

160±2.2 

19 

390 



Fasting secretion 



0 

26 

I.O 

0 

78 

78 

43 

1— 9 
10—19 
20—29 
30—39 
40-49 
60—59 
60—69 
70— 79 
80—89 
90—99 

19 

17 

23 

26 

9 

18 

19 

8 

6 

1 1 

0. 7 

1.1 

1. C 

1.1 

1.3 

1.9 

1.1 

1.5 

I.G 

1.3 

6 

14 

23 

33 

46 

65 

64 

74 

82 

94 

83 

88 

87 

86 

101 

109 

114 

114 

123 

139 

77 

74 

64 

53 

55 

64 

50 

40 

41 

45 

94 

109 

126 

150 

174 

133 

139 

105' 

142 

196 


It IS of interest to calculate the exact, matlicinatical expression 
tor the straight lines best covering the curves found. Hor the estab- 
lishments of these expressions the results found by the insulin 
tests are used, as these are based on the largest number of indi- 

Z l \ Ift 1 oo' regression for these values are: 

SbriLs Tbi; 1 ’ aridity and Ic for the total 

m~0 I; = 77 horizontal axis at the point 

where^ m - k ‘ f importance to compute the point 
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Fig. 1. Fasting seoretion. Eelation bettVeen acidity and chloride. 

Abscissa: Chloride. Ordinate: Acidity. 

A: Total chloride. B: Neutral chloride. 



Fig. 2. Seoretion after insulin stimulation. Relation between acidity and chloride. 

Abscissa: Chloride. Ordinate: Acidity. 

A: Total chloride. B: Neutral chloride. 
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BEQUMTION OF GABTKIO AOIDHr. 

The neutral chloride curve- can be obtamed by meana of th« 
total chloride curve, the neutral chlorides, n, ==:k— m, or 
^ xn. By insertion of this in the equation m — 1.18 — 1.88, 
jjx = 1.73 (in + n) — 133 from which results m = 182 — 2.87 n. 
This line and the horizontal axis intersect at the pomt m = 
n = 77, while the mentioned line and the vertical axis intersect 
at the point m = 182, n '= 0, i. e. neutral chloride 0. 

The idea presents itself to test the general theories of gastric 
secretion in respect to the equations found ns outbned above. 
It is directly to be seen that the hypothesis of Bosemann of the 
constancy of the total chlorides and the mutual independence of 
the total chlorides and the acidity does not agree with the results 
found; on the contrary, the established curves show a close inter- 
dependence of these two factors, and that the chlorides increase 
simultaneously with the acidity, wherefore the hypothesis men- 
tioned must be abandoned. 

The other hypothesis is that the juice, containing hydro'chlotido 
acid, is secreted with a constant maximal acidity, and that the 
various acidities met with ate due to dilution with a neutral or 
alkaline fluid. In order to test this it is necessary to clarify what 
the relation between the acidity, total chlorides and neutral 
chlorides would be according to the said hypothesis. 

In the following 

X = the entire secreted volume of gastric juice per time unit, 
y = the volume of acid gastric juice secreted per time unit, 
a =the volume of non-acid juice secreted per time unit, 
m = m.eq./liter of acid chloride. (= m.eq./liter acid), 
n = m.eq./liter of neutral chloride. 

k = m.eq./liter of total chloride of the entire gastric juice, 
p = maximal value of acid chloride in m.eq./liter (= maximum 
acidity). 

q = maximal value of neutral chloride in m.eq./liter. 

It is now assumed that during the secretory process the volume 
y of the fluid with constant, maximal, acidity and chloride con- 
tent of p m.eq./liter is mixed with the volume a of non acid 
secretion with the chloride content q m.eq./liter, producing the 
combined volume x, with acid chloride (== acidity) m m.eq./Uter 
neutral chloride n m.eq./liter and total chloride k m.eq./Utei. 

^0 begin with it is assumed that the volume a of non acid, di- 
luting fluid secreted per time unit is constant. The amount of 
8 — ^72161. Acta phys, Scandinav. Yol. 1^, 
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acid produced per time unit is yp (the volume of acid juice 
multiplied with, its content of chloride). It is presupposed that the 
acid juice is a pure hydrochloric acid solution. The acidity of it is 
then = the hydrogen ion concentration in m.eq./liter = the 
chloride concentration in m.eq./liter. 

The actual acidity m is then = the produced amount of acid 

y • p 

divided by the total produced volume of gastric juice, = . 

Therefore m=^—- 

X 

As X = y + a, the equation will he 


1) m : 
Likewise 


yp 

y + a’ 


ma 

or my + ma=yp, or y = 


n 


a • q a • q 


X .y + a* 
from which results yn + an = aq, or 

a(q — n) 


2 ) 


n 


Expression 2) is now inserted in 1), giving 


a(q — n)p 

^ - ^(q— ")p _ (q— p)p 

a (q — n) a (q — n) + an q 

[_ a 

n 


p ‘n 

q 


which may also be expressed: 

_ q (p — m) 

n = . 

P 

Thus a theoretical equation has been established between acidity 
and neutral chlorides based on the assumptions mentioned. It 
will be noted that the expression represents a straight line, m 
being ordinate and n abscissa, the line intersects the horizontal 
axis in the point q (m = 0) and the vertical axis in the point p 
(n = 0). 

According to this theory the equation between the acidity and 
the neutral chlorides must be a straight line. This is as shown also 
the case according to the experimental results. 
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In a quite similar manner the theoretical equation 
total chloride and. acidity is found. Using the same symbols the 
equations will be 

yp -f aq yP+^ 


As y 


ma 


-m 


1 ^ 

X y + a 

(1), insertion of this gives 


ma 


k = 


^ p 4- aq map -j- aq (p — m) _ mp 4* (P 


ma 


m 


4" a 


mp 4- pq — roq _ m (p — q) 


+ q> 


from which results 

m (p — q) 


= k — q; m = 


P (k — q) 

o — q 


■m) 


ma 4- a {p — m) m 4" (p — ua) 


This equation also represents a straight line. 

If m == 0, k — q. If m = k (all chloride being acid chloride), 
m = k = p. 

The theoretical equation thus established between acidity and 
total chloride is now compared to the curve found experimentally. 
This intersects the abscissa axis in the point m = 0, k — 77. 
m and k are identical in the point m = k = 182. At acidity 0 the 
total chlorides are therefore =77 (= the neutral chlorides). 
At acidity 182 all chloride is present as acid chloride; this value 
must be the maximum acidity. 

The conclusion of these computations must be that the varying 
relation found between acidity and chloride of the gastric juice 
may be explained by the assumption that a hydrochloric acid 
solution of a constant acidity of app. 180 m.eq./liter is mixed in 
the stomach with a neutral secretion having a chloride concentra- 
tion of app. 76 to 80 m.eq./liter. 

It is finally possible that the diluting non-acid secretion might 
be alkaline. This may partly be due to mucus, partly to duodenal 
juice (pancreatic juice). In mucus Ihre finds an alkalinity of 
3.2— -10.8 m.eq./liter, whereas Bolton and Goodheart find an 
alkalinity of 40 m.eq./liter. 

In the duodenal juice Wilhelmj, Binegan and Hill find an 
alkalinity of 40 m.eq./liter. 
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Considering conditions, if the diluting secretion is alkaline, 
the alkalinity of the diluting juice being r m.eq./liter OH~ we 
have the following equations, in analogy with page 008 


yp — 

m j jxa + am = yp — ar 

y + a 

am 4- ar 

y (p — m) = am + ar, y = 

p — m 

Further 

aq + ar 

n = , yn + an = aq 4- ar. 

y + a ’ ^ 


2 ) 


y = 


a (q + r — n) 


n 


Insertion of 2) in 1) gives: 
a (q + r — n) p 


m = 


n 


ar. 


a (q + r — n) p — arn 


a (q + r — n) 


n 


From this results: 


+ a 


a (q r — n) -f- an 


pq + pr — pn — nr 
q + r 


_ pq + pr — mq — mr 
° • 

If n = 0, m = p. 

The expression represents a straight line, intersecting the 
vertical axis in the point p and the horizontal axis in the point • 

p(q + j^) ^ 

p 4-r 


As the neutral chlorides are lower in patients with absolute 
anacidity than in anacide samples of juice from patients otherwise 
able to secrete acid, this may indicate that the chlorides in the 
latter case partly originate from neutralized acid chloride. If the 
average chloride value in patients with absolute anacidity (mean 
of twenty samples 67 m.eq./liter) be considered the proper 
neutral chloride, the value of q in equation 3) is 57, and according 
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to the results previously found n = 77 and p = 182. From this 
r is found to be 36 m.eq./liter OH 
This is in accordance with the results found by Bolton and 
Goodheart and Wilhelmj, Finegan and Hill, concerning the 
chlorides in gastric mucus and duodenal juice, respectively. ^ 

In the preceding statements the neutral chloride concentration, 
q, has been considered constant. The possibility may also be that 
it varies with the acidity. In such case q in the equation 

n ^ must be replaced with qi or qt — am 

P . . . 

depending on whether the neutral chloride concentration is sup- 
posed to increase or to decrease with the acidity, a is a constant 
of suitable size, figured to be positive. 

Considering the first possibility the equation will be 

(qi -f am) (p — m) pqi -f pam — mq'i — am’ 

n = = . 

P P 

When m = 0, n = qi. 

When n = 0 follows am’ = m (pa — qi) — pqi = 0 . 

Determination of m through this equation gives m = p and 

m r= — S[l . The equation represents a parabola with its axis 
a 

parallel to the abscissa axis and opening against the negative 
direction of this axis. Only the distance between m = 0 and m = p 
is of importance in this connection. 

The second possibility gives an equation representing a parabola 
with the axis parallel to the abscissa axis and opening against 
the positive direction of this axis (Fig. 3). 

Thus it will be noted that under the assumption that the neutral 
chloride concentration varies. ydth the acidity a parabolic inter- 
dependence of chloride and acidity will result. However, it will 
be noted from Fig. 2 that the interdependence of chloride and 
acidity is very nearly rectilinear. Only the lowest acidities show 
a little irregularity, which — however — rather represents acci- 
dental deviations than systematical curving. 

The conclusion must therefore be that there can hardly be a 
question of any change of the neutral chlorides following changes 
of the acidity, at any rate it is so small that it must be con- 
sidered of no practical significance. 

Summarizing, it may be stated that the varying relation found, 
between acidity and chloride in the gastric juice can be explained 
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from the supposition that a hydrochloric acid solution of a con- 
stant, maximal, acidity of app. 180 m.eq./liter is mixed in the 
stomach, with a non acid secretion with a chloride concentration 
of app. 75 to 80 mieq./liter. The chlorides of this diluting secre- 



Fig. 3. Theoretical relation between acidity and neutral chloride, if the chloride 
concentration of the neutral secretion varies with the acidity. 

A and B: Increasing acidity associated with diminished neutral chloride 
secretion. 

C and D: Increasing acidity associated with increased neutral chloride 
secretion. 

Straight line: Neutral chloride secretion independent of changes of acidity. 
Abscissa: Chloride. Ordinate: Acidity. 


tion does not vary with the acidity of the gastric juice. At the same 
time supposing that the diluting secretion possesses an alkalinity 
of app. 35 m.eq./liter OH“ it can be explained that the average 
chloride content is low'er in juice from patients with absolute 
anacidity that in anacide samples of juice from persons, w’ho otlier- 
W’ise through adequate stimulation are able to secrete acid juice. 
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Attention is drawn to tlie fact that the chloride concentration, 
of the hydrochloric acid component is found to he approximately 
180 m.eq./liter, i. c. more than the total base concentration of 
blood. With a total chloride concentration of gastric juice of 160 
m.eq./liter, which corresponds to the total base concentration of 
blood, we find according to the above equations an acidity of 
Hi m.eq./liter and neutral chloride of 16 m.eq./liter. According 
to Table 1 these values represent exactly the maximum values 
actually observed. Should the parietal secretion consist of pure 
hydrochloric acid, this must consequently be of higher osmotic 
concentration than blood. Should the parietal secretion be iso- 
tonic with blood, it must contain a certain amount of neutral 
chloride. Should — according to the first possibility — the parietal 
secretion be of a higher osmotic concentration than blood, it is 
presumably very unstable in the stomach, as in no case an acidity 
corresponding to a solution of a higher osmotic concentration than 
blood has been met with in these experiments. Such hypertonic 
solutions may possibly by diffusion be changed into solutions 
isotonic with blood. 

It is interesting to note that the theoretical maximum here 
found for the concentration of the hydrochloric acid, namely 
182 m.eq./liter, is in accordance wuth the results obtained by 
Ihre from experiments on human beings using a glycocol buffer 
solution. In this way he found an average maximum total chloride 
concentration of 18i m.eq./liter. Further this value is very close 
to that recorded by Gudiksen, who found a maximum acidity 
of 190 m.eq./liter in cats. 

Hollander has demonstrated a rectilinear relation between 
corresponding acidity and total chloride values in pouch juice from 
dogs, and in another work has found, by extrapolation, that the 
acidity of the secretion from the oxyntic cells is 170 m.eq./liter. 

Hordenfelt and Teorell have determined the relation be- 
tween the acidity and the total chlorides in Ewald test meals. 
They have thus established the formula 

Chloride = 0. 69 • free acidity 51 = 0. 75 • total acidity -f 40. 

These equations also represent straight lines, yet a little dif- 
ferent from that established in this work for the relation be- 
tween acidity and total chloride. The reason for this may be that 
the proportion chloride — • acidity is different in gastric juice and 
m Ewald test meals. This is highly probable, as this latter in itself 
must also contain chloride. 
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The Neutral Chlorides. 

The calculations mentioned above have shown that the average 
chloride concentration of the neutral fluid, which is supposed to 
dilute the acid secretion, must be on an average 76 — 80 m.eq./ 
liter. It must expressly be pointed out that it is not a question of 
a single, well defined secretion from a special type of glandular 
cells, but of a mixture of the various secretions, which may 
possibly dilute the product of the oxyntic cells. It may be the 
secretion of the peptic cells, the pyloric cells, the mucus or the 
mucoid cells. Finally, the saliva is of some and the duodenal 
juice of considerable importance. 

In the literature only sparse information is found regarding the 
chloride content of these various secretions. 

The composition of the secretion of the peptic cells is unknown. 
Judging from the topographical distribution of the individual 
cell types of the stomach, it is probable that the peptic cells are 
of considerable importance, and it is possibly their secretion, which 
constitute the essential part of the neutral fraction of the gastric 
juice. This assumption, however, is only h37pothetical. 

In the pyloric juice from dogs Ivy finds a chloride concentration 
of 0.458 — 0.519 % (129 — 146 m.eq./liter), whereas Takata reports 
0.53 % Cl (150 m.eq./liter). 

The chloride content of mucus Bolton and Goodheart give 
as 0.36 — 0.50 % (101 — 141 m.eq./liter), while Welin and Frisk 
find app. 100 m.eq./liter Cl. In dogs and cats Baxter finds that 
mucus, elicited by stimulation of the. sympathetic nerves or by 
small refractory epinephrin doses, has a chloride concentration 
of 0.38 — 0.45 % (107 — 127 m.eq./liter). According to Ihre the 
chloride concentration of mucus is 90 — 100 m.eq./liter (in man), 
but following stimulation may increase to 146 m.eq./liter. 

I have myself had opportunity to examine a patient with 
pernicious anemia, with a complete histamine refractory anacidity. 
In this patient it was possible to obtain from the stomach — 
admixture of saliva being prevented — large amounts of a clear, 
extremely viscid, mucous fluid, the chloride concentration of 
which varied from 45 to 26 m.eq./liter. It must be supposed, that 
it has been pure mucus, thus having had a considerably lower 
chloride concentration than reported elsewhere in literature. Of 
course it cannot be ascertained in this particular case that it 
has been a question of normal ga'stric mucus, even if the mucus 



REQtJLA.TION OF QASTBIO AOIDITF. 

pioducing surface epithelium cells according to JIeulengbacht s. 
investigations are well preserved in cases of pernicio^ anemia. 
On the other hand it must be presumed difficult to collect mucus 
separately when experimenting with animals. Boston and Goon- 
HEAKT have used cat stomachs under influence of atropin, pre- 
suming that atropin inhibits hydrochloric acid secretion and only 
permits mucus secretion, a presumption not in accordance with 
results reported by other authors. The same is the case with 
Baxter’s experiments with stimulation of sympathetic nerves or 
injection of epinephrin, nor is it in this case certain, or even prob- 
able, that acid secretion and peptic cell secretion are prevented. 

Hammarsten reports a chloride concentration of 0.86 — 0.45 % 
(102 — 124 m.eq./liter) in hepatic bile and 0,08 % (23 m.eq./liter) 
in bladder bile. 

Pancreatic juice according to Staruno has a chloride concen- 
tration of 0.28 — 0.30 % (79 — 86 m.eq./liter). 

Usually a certain amount of saliva is found in the gastric juice. 
The chlorides of saliva is according to "Welin and Frisk app. 
15 m.eq./liter. My investigations have likewise shown a chloride 
content in saliva of app. 16—20 m.eq./liter. 

Summary. 

An account is given of current theories concerning secretion of 
gastric juice, and of the way in which the stomach regulates the 
acidity of its contents. 

The acidity, chloride, pepsin and rate of secretion is determined 
in a series of samples of gastric juice obtained from human beings, 
partly without stimulation, partly with stimulation by intravenous 
injections of insulin. Acidity and chloride show a strong parallelism, 
in common fasting juice as well as in secretion following stimula- 
tion by insulin. The graphic expression of the relation between 
acidity and chloride is very nearly rectilinear. 

Calculations based on the secretory hypothesis of Pavlov 
show that a rectilinear interdependence of acidity and chloride 
must be expected, when considering the actual acidity of the 
gastric juice as resulting from a mixture of an acid secretion of 
constant acidity with a non acid secretion. The acid component, 
which IS supposed to be a solution of pure hydrochloric' acid, 
IS compu e to have an acidity and a chloride concentration of 
approximately 180 m.eq./liter, whereas the chloride of the non 
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acid component is approximately 70 — 80 m.eq./liter. The compu- 
tations further show that the non acid secretion probably pos- 
sesses an alkalinity of approximately 35 m.eq./liter. It is not 
likely that the chloride concentration of the non acid component 
is dependent on the acidity. 

The chlorides of the non acid diluting fluid probably originate 
from various sources. 
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In previous investigations Strombeck (1945, 1946) was able 
to show that the appearance of tumours in the urinary bladder 
after administration of 2,3-azotoluene requires 'contact between 
the vesical mucosa and the urine. This observation appears to be 
of considerable significance to further studies on the action of 
azotoluene. 

Various experiments appear to justify the assumption that the 
tumour-producing compound is excreted vvith the urine — whether 
the substance be azotoluene or some decomposition products 
of azotoluene. 


1. Demonstration of Arainocresol, Aminobenzoic Acid 
(and Tolnidine) as Decomposition Products of Azotoluene. 

Certain reports in the literature indicate that azo-compounds 
are broken down in the organism. Elson and Warren (1944) 
were able after administration of azobenzene to rats to isolate 
aniline from the urine; and after administration of ortho-amino- 
azotoluene to rabbits Hashimoto (1935) isolated acetylated para- 
toluylene-diamine from the urine. After administration of para- 
dimethyl-amino-azobenzene Stevenson et al. (1942) found amino- 
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phenol and para-phenylenediamine. A -well-known example of 
these processes is the decomposition of prontosil in the organism. 

Prom a theoretical point of view we might expect 2-3-azotoluene 
to break do-wn and give rise to ortho-and meta-toluidine. Prob- 
ably the amino groups of these substances may undergo acetyla- 
tion. Even changes of oxidative nature are conceivable, however. 
Thus aniline is oxidized in the organism to para-aminophenol; 
and, analogously, one might imagine an oxidation of toluidine 
to aminocresol. On the other hand toluene may be oxidized to 
benzoic acid, and — in keeping with this — we might expect that 
aminobenzoic acid might be derived from toluidine. This assump- 
tion finds support in the fact that Jafpe and Hilbert (1888) 
after administration of acetylated meta-toluidine to rabbits were 
able to isolate acetylated meta-aminobenzoic acid from the urine. 
Another conversion seems possible: Besides aniline, Elson and 
Warren found also benzidine in the urine; and it is conceivable 
that methylbenzidine might be derived from azotoluene. 

If any of these compounds are formed in the organism, after 
hydrolysis — with a -view to the possible acetylation — the urine 
should contain also elements consisting of a benzene ring with a 
primary amino group. Such elements may be demonstrated by 
means of the Marshall reaction, i. e., the primary aromatic 
amino group is diazotized, whereafter it can be coupled to ethyl- 
a-naphthylamine, gi-ving a red colour. 

Experiments showed indeed that the urine from rats treated 
with azotoluene gave a distinct Marshall reaction, which became 
more intense after hydrolysis of the -urine. It is to be pointed out 
that azotoluene by itself gives no Marshall reaction, not even 
after hydrolysis. 

According to the above, then, it would seem reasonable to expect 
both acids and bases as decomposition products of azotoluene. 
But, as possibly occurring acetylated products appear to be of 
minor interest in this connection, the isolation experiments were 
planned in principle as follows: 

The urine was hydrolyzed by boiling with hydrochloric acid (100 
cc. hydrochloric acid added per liter of urine), and then extracted -with 
ether. After neutralization -with sodium hydroxide, and alkalinization 
-with sodium bicarbonate, the urine was again extracted -with ether. 
Aminobenzoic acid as well as toluidine and aminocresol give hydro- 
chlorides that are insoluble in ether. Aeration -with gaseous HCl of 
the extracts from acid as well as from alkaline urine gave precipitation. 
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TaWe 1. 

a^vZt ZXZmJ" ’ 


Meta-toluidino 

Ortho-toluidine .......... 

Meta-aminobenzoic acid . . 
Ortho-aminobenzoio acid.. 

Aminooresol ....._ 

Urinary preparation 


HCl 

NaCl 

Direct 

[^outraliza-l 

tion 

primary 1 
phosphate 

t^eutraliza- 
tion pH 7 

Non-diazo- 

tized 

HaOH 

0.02 

0.15 

0.53 

O.oo 

O.O 

O.Ol 

0.04 

0.21 

0.79 

O.O 

0.64 

0.63 

0.6 S 

O.eo 

O.O 

0.09 

0.21 

0.4 0 

0.46 

0.0 

0.04 

O.IO 

O.io 

0.13 

0.15 

0.36 

0.43 

0.36 

0,32 

0.02 


The precipitate from the alkaline extract vras dissolved in dilute 
HCl, alkalinized again -with sodium bicarbonate, whereafter this alka- 
line solution was extracted with ether. The ether was evaporated, and 
the remnant was submitted to subbmation, yielding a white prepara- 
tion. On elementary analysis this substance gave the values 68.9 % 
for carbon and 7.21 % for hydrogen. This means that aminooresol bad 
been isolated (its theoretical values are respectively 68.3 and 7.37). 
(Studies as to whether the isolated aminooresol preparation contains 
the ortho or the meta form have not been carried out yet). 

As mentioned before, also the extract from the acid urine contains 
an ether-insoluble hydrochloride. This was dissolved in bicarbonate 
and the alkaline solution was acidified slightly with hydrochloric acid, 
giving a precipitate. This was submitted to several crystallization and 
sublimation experiments, all of which turned out negative (only small 
anounts of the substance were available)! Thus, it has not been possible 
so far to produce any pure preparation of this land. Still, as shown in 
Table l,_with various modifications of the Marshali. reaction, this 
preparation behaves like meta-aminobenzoic acid. Meta-aminobenzoic 
acid and the urinary preparation give the same extinction values (Zeiss’ 
PuLEEiCH photometer, filter S 53) in all the cases where a diazotiza- 
tion preceded the addition of the reagent, while other substances, 
included for comparison, give characteristic variations with a marked 
fall in the esctinction values in acid reaction milieu. 

(Usually Massball’s ruction is carried out with diazotization in 1 n 
hydrocMorm acid. Addition of the reagent to this solution corresponds 
to the designation “direct” in Table 1. The other column-heads imply 
either addition of 5 n hydrochloric acid and concentrated NaCl so^n^ 
tion or neutralization mth sodium hydroxide and then addition of 
f ^«ffer with pH 7. Substances con- 

in alkaline »oIut« . colour S it 
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This is recorded in the last column of Table 1. A more detailed account 
of the different variations of the reaction will be given in a subsequent 
paper.) 

So we suppose that meta-aminobenzoic acid is a decomposition 
product of 2,3-azotoluene. 

It seems justified to assume, hiowever, that the formation of 
aminocresol and aminobenzoic acid has been preceded by a break- 
down of the azotoluene molecule in ortho- and meta-toluidine. 

None of the extracts obtained in various ways in the course 
of these processes contained any substance that could be taken to 
be unchanged azotoluene. 


2 . Administration of Ortho and Meta Tolnidine to Rats 
Resulting in Tumours in the Urinary Bladder. 

Aminobenzoic acid and aminocresol may reasonably be looked 
upon as detoxication products of toluidine. It seemed obvious 
therefore among the demonstrated decomposition products to 
pi(!k out the toluidines for experiments aimed at the production 
of tumours in the bladder. 

Rats were given a basic diet of rice flour with addition of a slice 
of carrot about every other day, and toluidine was added to the 
rice flour in such a concentration as might reasonably result from 
a total break-down of the amount of azotoluene given to rats in 
previous experiments (Strombeck 1945, 1946). Soon after, 
this dose had to be lowered because of its strong general effect 
on the animals. In the latter part of the experiment the toluidine 
supply to the animals corresponded to about 7.5 — 12 mg. per day 
to each animal, wMle in the first part of the experiment it had 
been twice as high. 

The experiment comprised two series: one series of 10 rats given 
ortho-toluidine, the other comprising 9 rats which received meta- 
toluidine. On an average, the ortho-toluidine animals lived 91 
days after the commencement of the experiment, and 3 of them 
showed changes in the mucous membrane of the bladder with 
metaplasia and early epithelial proliferation. The average life- 
time of the meta-toluidine animals was 94 days, and 6 of these 
showed similar changes as just recorded for the ortho-toluidine 
animals 

In the meta-toluidine series the frequency of the changes is 
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Compound administered 
(by mouth to rats) 


Changes in 


Liver Bladder 


Probable decomposition products 
of the compounds given 


p-aminoazobenzene i neg 

p-dimethylaminoazobenzenol pos. 
(butter yellow) 

(p-dimethylphenylenedia- | neg. 
mine) 

2,3-azotoluene neg. 

4'.amino-2,3'-azotoluene pos. 

(o-amino-azotoluene) 
4'-acetylamino-2,3'azotoI- | pos. 
uene 


4'-diacetylamino-2,3'-azo- 

toluene 

4'-amino-2,2'-azotoluene 

4'-oxy-2,3'-azotoluene 

4'-acetoxy-2,3'-azotoluene 


pos. 


neg. 

neg. 

neg. 


neg. 

neg. 


pos. 

pos. 

pos. 


pos. 


pos. 


aniline + p-pbenylenedlamino 
aniline -j- p-dimetbylpbcnylenc- 
diamine 

(p-dimcthylphenylenediamine) 

I 

o-toluidino m-toluidine 
o-tuluidino p-toluylencdiamine 
(methyl group in wi-position) 
o-toluidino + acet-p-toluylenedi- 
aminc (methyl group in m-posi- 
tion) 

p-toluidine -}- dincet - p- toluylcnc- 
diamine (methyl group in m- 
position) 

o-toluidino -p p-toluylenediaminc 
(methyl group in o-position) 
lo-toluidino + p-oxy-m-toluidino 
o-toluidine + p-acotoxy-m-tolui- 
dine 


higber than that previously found by Stbombeck in animals on 
the same diet with administration of azotoluene. The changes are 
not pronounced — but that was hardly to be expected after such 
a short experimental period — and in principle they appeared 
to be of the very same kind as found in the previous series of 
animals treated with azotoluene. 


3. Is the Tumorlgenic Effect of the Azo-compounds 
Attrihutahle to a Few Common Decomposition 
Products? 


Lately, great interest has been taken in the azo-compound 
and above all, Japanese investigators (list of literature givei 
by Bulee and Skarzynski 1942) have in various ways altere. 

between the oonstitatioa of the eubstonee and its conoerogeni 

Sr' r literatnre available to ra, w 

ave entered the hitherto eiamincd nto-compoimds, rcoordin 
their possible tumongenic effect in the liver and bladder, beside 
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the decomposition products which primarily should he formed ou 
dissociation of the azo-binding — according to the findings pre- 
sented in the preceding section. 

We thus found, above all, that all the compounds which may 
cause tumours in the bladder can give rise to ortho-toluidine and 
meta-toluidine or para-substituted derivatives of meta-toluidine. 
In view of our findings — that meta-toluidine as well as ortho- 
toluidine may produce tumour-like changes in the mucosa of the 
bladder — it seems justified to assume that the cancer ogenic 
action of the azo-compounds in the bladder is due to generation 
of toluidines. In those cases where ortho-toluidine is formed to- 
gether with para-substituted meta-toluidine, of course, the effect 
may be due to the appearance of the ortho-toluidine. Whether 
the para-substituted meta-toluidine has preserved its tumorigenic 
capacity cannot be settled yet. 


4. In the Urine from Patients with Tnmours of the 
Bladder Compounds may be isolated in the same manner 
as the Decomposition Products of Azotolnene. containing 
a Primary Amino Group. 

In itself it seems to be of considerable interest if the tumorigenic 
effect of the azo-compounds in the bladder can be referred to the 
simple decomposition products: toluidines. But, in addition, this 
gives rise to the problem, whether similar simple molecules might 
not be formed from some other material of origin — as, for in- 
stance, in the human organism. 

In connection with certain methodological studies we have found 
that urine from normal persons contains very small amounts of sub- 
stances giving the Marshall reaction. In some preliminary experiments 
we have looked into the occurrence of such compounds in' the urine 
from patients with vesical tumours. The urine was hydrolyzed with 
hydrochloric acid and neutralized. After addition of sodium bicarbonate, 
one portion of the urine was extracted with ether, and another portion 
was submitted to steam distillation. Both procedures should yield 
aromatic amines in the extract, respectively in the distillate, if such 
bodies are present in the urine. 

Indeed, this proved to be the case. The distillate was alkalinized and 
extracted with ether; and after evaporation of the ether, a remnant of 
about 10 mg. per liter of urine was obtained. Even such a small amount 
as 0.2 mg. of this remnant gave a distinct Marshall reaction, which 
was stronger at pH 7 than in acid solution. The direct ether extract 
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of the urine V'as evaporated, and 1 mg. of the a 

reaction of about the same intensity as that obtemed with 0.. mg.of 
the rest from the distillation. The total amount of the subs tence ob- 
tained by direct ether extraction, however, was considcrablj larger. 
It is to be pointed out that here a distinct reaction was obtained even 
without diazotization. So it appears as if the urine, from these vesical 
tumour patients contains not altogether inconBiderable amount s of 
primary aromatic amines, some of which might even be present in 
oxidized form. 


Further experiments indicate that it is possible by distillation 
of small amounts of urine to obtein dcstillatcs that can be em- 
ployed for reproducible quantitative determinations of these 
aromatic amines. 

Collection of larger amounts of urine is now going on in order, 
if possible, to obtain sufficient material for identification of these 
compounds. Further, comparative studies arc planned on the 
excretion of these substances in various tumour patiente and 
normal persons. 


Summary. 


1. Eats given 2,3-azotoluene excrete aminocresol and amino- 
benzoic acid with the urine and it is assumed that ortho- and 
meta-toluidine are the primary decomposition products. 

2. Administration of ortho- and meta-to!uidine to rate re.sults 
in tumours in the urinary bladder. 

3. It is pointed out that all the hitherto examined tuniorigcnic 
azo-compounds according to our findings might give arise to 
ortho- or meta-toluidine and w'e assume that the tumorigcnic 
action of the azo compounds in the bladder is due to generation 
of toluidmes. 


i. In the urine from patients urith tumours of the bladder 
compounds, containing a primary amino group, may be isolated 
in the same manner as the decomposition products of azololuene. 


■ameroncos. 


Sum Biochomio dc; TumoL, Stati 

Hashimoto, Cited after Euler. 


4 i72161. Acta phys. Bcandinav. Vo2, U, 
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In a preceding paper (Ekman and Strojibeck 1947) it was 
shown that 2,3-azotoluene is hrohen down in tlie organism, and 
that among the decomposition products, aminocresol, aminoben- 
zoic acid and ortho- and meta-toluidine — at any rate the two 
toluidines — have a tumorigenic effect. Previously StrOmbeck 
(1945 and 1946) had been able to show that azotoluene gives rise 
to tumours in rats on a diet consisting chiefly of rice flour, rvhereas 
an adequate diet (Hammarsten's (1937) diet No. 211) with the 
same azotoluene supply gave no tumours. This protective effect 
may be due either to some influence of the diet upon the mucous 
membrane of the bladder or to the conversion of azotoluene in 
the organism. 

If it might be possible to determine the decomposition products 
from azotoluene on the various diets, and if the excretion of some 
of these products ivith the urine might be affected by the diets, 
we might assume that the protective effect "would be due to inter- 
ference with the metabolism of azotoluene. In order to make it 
possible to carry out studies concerning this question, the following 
methods for quantitative determination were worked out. 

1. Determination of Meta-aminobenzoic Acid. 

In attempts to estimate the decomposition products of 2,3- 
azotoluene we have to reckon with their simultaneous occurrence 
in the urine, and the methodological work must be aimed at the 
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elaboration of methods allowing determination of each product 
separately. All the decomposition products contain a primary 
amino group, and thus their presence can be established by means 
of Marshall’s reaction. 

SiMESEN (1939) has given a modified technique for determination 
of a sulfapreparation with this reaction. For determination of the 
acetylated forms she employed hydrolysis by boiling vdth 30% 
sodium hydroxide. In preliminary experiments on the employ- 
ment of this technique for determination of toluidine, the values 
obtained were very low even for high concentrations. As a matter 
of fact, these findings might be taken to indicate that the hydro- 
lysis with sodium hydroxide destroyed the toluidine. But, then it 
was found that low values were obtained also ^vithout boiling 
and on immediate neutralization of the sodium hydroxide with 
hydrochloric acid. It then seemed conceivable that the inhibition 
of the colour reaction of toluidine might be due to a high sodium 
chloride conceiitration and acid reaction. Indeed, a very strong 
effect could also be obtained by hydrolysis in acid solution and, 
after this, addition of concentrated sodium chloride solution and 
additional hydrochloric acid. In this way the colour reaction could 
be suppressed entirely even with relatively high toluidine concen- 
trations. However, the same procedure gave normal values for 
meta-aminobenzoic acid. After this principle, then, the following 
technique was worked out: 

The 24:-hour urine of the rat is diluted to 50 cc. and filtered. (This 
dilution is suitable when the rats daily receive about 30 mg. azotoluene 
or 10 mg. meta-toluidine.) Of this urine, 0.5 cc. is placed in a test tube 
together with 2 cc. 1 n HCl. For comparison, in another test tube the 
urine is replaced with 0. 5 cc. .of water. The test tubes are equipped with 
a simple “cooler”, consisting in a glass ball which covers the mouth 
of the tube and is kept in place by means of a stem dipping down in 
the tube. The test tubes are left standing on a boiling water-bath for 
30 minutes. After cooling, 2 drops of 1 % sodium nitrite solution are 
added and, after about 2 min., 1 cc. of 2 % urea solution. (In order to 
obtain correct values, it is very important that the sodium nitrite 
solution does not fasten on the wall of the tube.) The tube is left standing 
for at least 30 min. Then 1 cc. 5 n HCl and 2 cc. 25 % NaOl are added. 
After shaking, 1 cc. 0.3 % ethyl-a-naphtylamin-hydrochloride solution 
in 1 n HCl is added and 5 cc. alcohol. Shaking. After 2 hours, reading 
of the results in a Zeiss’ Pulfrich photometer vuth filter S 53 and with 
10 mm. cuvettes. 

Each time new solution is prepared, the method ought to be tried out 
with a solution containing 5 mg., meta-aminobenzoic acid in 100 cc. 
0.1 n HCl. 
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Comnieiits of the Metiiod. 

Table 1 gives the outcome of aeterminations with this technique of 
the same amounts of ortho- and meta-aminohenzoic acid, of the double 
of ortho- and meta-toluidinc and aminocrcsoi. Thus the toluidinc and 
aminocresol are found not to interfere with the determination of meta- 
aminohenzoic acid. Ortho-aminobenzoic acid gives an extinction vahie 
which amounts only to about 15 % of the value for meta-aininobenzoic 
acid. 

Erom Table 2 it will be noticed that, with the technique here employed, 
the urine from animals, which have received 2,3-azotoluenc or metn- 
toluidine, on hydrolysis gives increased extinction values, and that the 
hydrolysis appears to be concluded after 30 min. The values indicate 
that aminobenzoic acid is excreted mostly in acctylatcd form. 

Table 1. 


Comparison between the Extinction Values for some Substances which 
conceivably may interfere with the Determination 
of Meta-aminohenzoic Acid. 




wmmmmtmi. 


rog. 

E 

Ortho-aminobenzoic acid 

0.02G 

0.09 

Meta-aminobenzoic acid 

> 

0.C4 

Meta-toluidine , ■ 

0.06 

0.02 

Ortho-tolnidine 


O.oi 

j Aminocresol 

> 

0.04 


Table 2. 

Influence of varying Length of the Bydiohjzing Time. Determination 
of the Meta-aminobemoic Acid Content of Urines from Animals 
given Meta-ioluidine or S^S-azotoluonc. 


Boiling time in minntes 

0 

15 

30 

50 

Treatment with meta-tolnidine: 
Urine I 

0.09 

0.47 

0,56 

■ 

0.60 

Urine 11 

0.13 



0.49 

Treatment with azotoluene: 
Urine I 

0.17 

0.42 

0.64 

0.67 

Urine II 

0.11 


0.46 

0.42 
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TaMe 3. 


Exlinclion Values obiained with varying Reading Time. Deiermination 
of Meia-aminobenzoic Acid in Urine from Bats given 
Meta-toluidine or £,S -azotoluene. 


Time after addition of 
reagent in min. 

•20 

50 

80 

100 

160 

Treatment with meta-toluidine 

ID 

0.30 

0.28 

0.32 

0.83 

Treatment with azotoluene . . 

0.26 

0.35 

0.36 

0.87 



Table 4. 


Extinction Values for 0.025 mg. Meta-aminobenzoic Add in Aqueous 
Solution or added to various Urines from Animals on Different Diets. 



Protective diet 

B-free diet 

Treatment with azotoluene . . 

0.62 

0.60 

0.60 

O.Cl 

0.60 

Treatment with meta-toluidine 

0.63 

O.60 

0.62 

0.63 

0.61 

Meta-aminohenzoic acid in 
aqueous solution 


0.62 

0.60 

0.62 




O 20 0 «*0 0 CO 0 80 1 O CC. 


Fig. 1. Extinction values for 
varying amounts of the same 
urine from rats given 2,3-azo- 
toluene (I) and from rats given 
meta-toluidine (II). 


According to Table 3, when the extinction 
values are read after 100 min. they are 
constant. According to Table 4, the same 
reading values are obtained for meta-amino- 
benzoic acid in aqueous solution as for the 
same amount of meta-aminobenzoic acid 
added to urines from animals given azo- 
toluene or meta-toluidine and kept on a 
protective diet as well as on a tumorigenic 
diet. (The urines from the animals on protec- 
tive diet contain relatively large amounts of 
ascorbic acid.) 

That there is a direct proportionality 
between the extinction value and the con- 
centration is evident from Fig- 1, in which 
the extinction value for dilutions of urine 
from animals given azotoluene or meta- 
toluidine proved to lie on astraight line. 

































DETERMINATION IN URINE OF AMINOBENZOIO ACID. 


55 


2. Determination of Aniinocresol. 

In attempts to differentiate the performance of Marshall’s 
reaction in such a way that only aminocresol — but not aminoben- 
zoic acid or toluidine — gives the reaction, it was found that 
aminocresol gives a colour reaction in alkaline solution also without 
preceding diazotization. mile the usual colour reaction with 
Marshall’s reagent gives a reddish-violet colour, the colour 
here observed is bluish-TOlet. Still, both give an extinction maxi- 
mum in the Pulfrich apparatus with filter S 53. As far as I have 
been able to find out, the reaction has not been employed previ- 
ously for quantitative or qualitative determinations. AminoLsol 
contains a hydroxyl, a methyl and an amino group, Jinked to a 
benaene rmg. ^ neither tolnidine (with one amfno poup and one 
methyl group) nor aminobenzoic acid (ivith one amL ctoud 
an,i one carboxyl group) give this reaction, it seemed rather mcely 

hydroxyl group) or aniline yith phenol (one 

aminophenoi (with both an ammo group) whereas para- 
gives the reaeSon ” group) 

Even without addition of the reaepnf n .qj* i , 
tamed from aminocresol with alkaU in 
employed. This colour is considproW concentration here 

being unstable. The disturbincr • ^ however, beside.s 

can be eliminated by using theV”^ Production 

no reagent, for eo^ “f ”'Wi. 

technique was elaboiatedT™°”*‘°“ “““ooresol the following 
acid! filtrate, 

was added, the othlf^ containing the solution Pulfrich 

'’"S tt- a new so.„r 

« a solution »f aiS'S;^ to bo tried 

y experiments I have used 10 
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mg. aminocresol in 100 cc. O.i n HCl. It is to be pointed out that my 
preparation probably is a mixture of ortho-aminocresol and meta- 
aminocresol. 


Comments of the Method. 

As mentioned above, aminobenzoic acid and toluidine do not give 
this reaction at all. Table 5 shows that a hydrolyzing time of 30 min. 
is sufficient and that aminocresol plainly is excreted entirelj^ in acetyla- 
ted form. After 60 min., constant reading values were obtained, and they 
may keep unchanged even after 24 hours. 

Table 5. 


Varying Hydrolyzing Time in JDeietminalion of the Aminocresol 
Content of Urine from Rats given Meta-toluidine or 2,S-ozoioluene. 


Boiling time in min. 

0 

15 

30 

60 

Treatment with meta-tolnidine 

O.O 

0.04 

• 

0.055 

O.oo 

Treatment with azotolnene . . 

O.O 

0.09 

0.18 

0.19 


Table 6. 

Extinction Values for varying Amounts of Aminocresol in Aqueous 
Solution or added to Urines from Bats on different Diets. 


Aminocresol in mg 

0.06 

O.IO 

0.15 

0.20 

0.30 

Protective diet 

0.08 

0.19 

0.29 

0.42 

0.65 

B-free diet 

0.06 

0.18 

0.83 

0.44 

0.68 

Aqueous solution 

0.07 

0.16 

0.27 




According to Table 6 the extinction values for increasing amounts 
of aminocresol remain the same, no matter whether aminocresol is 
added to urine with low or high ascorbic acid content (from animals 
kept on B-free diet or on protective diet) or dissolved in water. Calcula- 
tion of the ratio between the concentration Amlues and extinction values 
recorded in Table 6 shows a direct proportionality. 


3. Determination of Meta-toluidine. 

In the preceding it has been shown that by addition of strong 
hydrochloric acid and concentrated sodium chloride solution 
it is possible to suppress the reaction between toluidine and 
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TftWo 7. 

Eslindion Values for 8, 3-azolohiem Eecomposilion Products m various 
Modifications- of the Marshall Pcaclion (sec the text). 


mg. 


KCl 

NaCl 

Direct 

Ncntr. 
Prim. ' 
Ph. : 

Ncutr. 
pH 7 


0.05 

Meta-toluidine 

0.02 

0.15 

0.5S 

O.GO 

O.o 

0.05 

Ortto-tolnidine 

O.Ol 

0.04 

0.21 ■ 

0.70 

O.o 

0.026 

Meta-aminotenzoic acid . 

0.G4 

O.fiS 

0.fl2 

O.CQ 

O.o 

0.025 

Ortho-aminobenzoic acid . 

O.oo 

0.21 

Qao 

0.4G 

O.o 

O.lO 

Aminocresoi 

0.04 

0.1 0 

O.IO 

0.13 

O.it 


Marshall s reagent. But, if the reaction is performed ivitli tlie 
teclinique employed for determination of a sulfaprepawtion 
(working m about 1 n HCI) toluidine gives some colour. It there- 
fore seems conceivable that by furtber shifting of pH of the reac- 
tion solution m alkaline direction a stronger colour reaction (dvc 
formation) between toluidine and Marshall’s reagent migh be 

wtht ^-Toriments were cLied oul in 

which the hydrochloric acid employed prior to tlie lirdrolvsi. 
^as neutralised and then the pH was staWized thrLlVa ldWon 
of 1,5-molar primary phosphate buffer or 1 5-mo?nr c.i . r 
priinary and secondary phospliate buffer with pH = 7 
the test was performed in alkaline solution L ^ 
azotoluene may be exnof>ff.rl + ^ receiving 

andmetafor«_ rrL “t “'fl- 

ees after tie principle ontlined 0 , 07 " 

'’“1..CS for 

aid on addition of a buffer wift "'"‘"'''“'I “'“tions 

in tots carried out on alkaline solution , ’’ ™'"“ “'’tai"®! 

testa g, TO use to tire appearance of mrr swli 

for determination of IXtoUddinf T^° 

7“®®I gives rea4 value, K"" T 
f consideration. A method f reasonably be lefrin; 

'’--acid has beenS 4e ^“7™ 

“ ®‘1>“- aa well as mota- 
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Table 8. 


Influence of Addition of Ascorbic Acid and Aminocresol on the 
Determination of Meia-toluidine at pH 7. 


Addition of 
ascorbic acid 
in mg. 

E 

Addition of 
aminocresol 
in mg. 

E 

.. -- 

0.24 

— 

0.95 

0.06 


0.005 

1.00 

O.IO 

O.IG 

O.Ol 

0.92 

0.60 

0.06 

O.06 

0.76 


benzoic acid give tbis reaction •witbin tbe range of pH suitable for 
toluidine determination, no correct values for toluidine may be 
obtained tbrougb combination of both methods. It is of interest 
for our investigations, however, to study tbe excretion of tbe 
tumorigenic compound toluidine on protective diet and on defi- 
ciency diet. So the studies were continued for tbe purpose of 
ascertaining tbe possibilities of toluidine determination on urine 
from animals given meta-toluidine, and in whose urine we thus 
may expect an excretion of unchanged toluidine, meta-aminoben- 
zoic acid and aminocresol. 

Tbe extinction values at pH 7 will here depend upon tbe amounts 
of meta-toluidine and meta-aminobenzoic acid in the urine. 
Tbrougb simultaneous determinations of meta-aminobenzoic 
acid alone with tbe technique given above it should be possible 
to make a correction of tbe values obtained. For, from Table 7 
it is evident that meta-aminobenzoic acid gives practically the 
same extinction values, no matter which method is employed. 
Experiments carried out with a view to tbis point, however, indi- 
cated that at pH 7 a certain amoimt of meta-aminobenzoic acid 
or meta-toluidine in tbe urine gives extinction values that are 
only one-half or one-third as large as the values obtained in an 
aqueous solution. 

It seemed rather likely that reducing compounds in the urine 
might bring about this effect, and Table 8 shows, indeed, that 
this is the case. Small amoimts of ascorbic acid and aminocresol 
give lowered extinction values for meta-toluidine solutions. 
(In neutral and slightly alkaline solutions, aminocresol is oxidized 
and might thus act as a reducing agent.) Experiments were thus 
carried out on elimination of the reducing compounds by addition 
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of a siiitable oxidizing substance whicb — for instance, by its own 
colour — indicates when an excess of this substance is leacbed. 
Potassium permanganate, however, proved unserviceable for this 


purpose. 

Taking for granted, however, that in urine too there is a direct 
proportionality between the extinction 
and concentration of meta-toluidine — 
and as will be noticed from Fig. 2, this 
is the case — another way seemed to be 
open — a way that might be presented 
most clearly, I. think, by means of an 
example. 



Fig. 2. Extinction values 
for varying amounts of 
meta-toluidine added to 
urine (I) or in aqueous 
solution (II). 


The urine was diluted to 50 cc., and 
all the determinations were carried out 
on 0.5 cc. of this dilution. 

Employment of the technique for deter- 
mination of meta-aminoben^oic acid (acid 
reaction) gave an extinction value of 0.5o, 
i. e., a value corresponding to the meta- 
aminobenzoic acid content of the urine. 

On determination at pH Y, an extinction 
value of 0.40 was obtained, i. e., a’ value brought about by meta- 
toluidine as well as meta-aminobenzoic acid. 

As mentioned before, with acid reaction the extinction value for 
meta-aminobenzoic acid is the same in urine as in aqueous solution. 
A known amount of meta-aminobenzoic acid in aqueous solution was 
deterniined, and after the meta-aminobenzoic acid method it gave 
the value of 0 . 60 . The same amount, added to the specimen of urine, 
increased its extinction value from 0. 4 o at pH 7 to 0.T8, that is to the 
added amount of meta-aminobenzoic acid we have the corresponding 
value of 0.78 _ o.40 = 0.38; and 0.38 makes 63.3 % of the value for 
the same amount of the substance in aqueous solution. 

So the value of 0.50 obtained with the aminobenzoic acid determina- 
nt reduced in the same manner, 

^at is to 0.32. Thus 0.32 is the extinction value corresponding to the 

tt nnTnTtn" "^fci^ction value for the urine 

^ ^™iiiution of 0.40 by 0.32 gives the value 0 08 

atl)H ^ extinction value for the urine 

at pH 7 that is due to meta-toluidine alone. 

.aS: 0.^Z rs ™ added to the urme. 

from 0 38 to 0 Thit n n value at pH 7 was increased 

0 et an LtincSn vl^ne corresponds to an extinction value of 

extinction value of O.os for Lte-Sdnin^b ^ 

0 . 0065 G mg meta-tobiidino ^c™dme m the urme corresponds to 
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Here then we are dealing with two calibrations; 1) one with a view to 
correction of the meta-aminobenzoic acid value in a fluid with acid 
reaction to the meta-aminobenzoic acid value at pH Y ; and 2) another 
that involves the calculation of the amount of meta-toluidine (in mg.) 
that corresponds to the corrected extinction value at pH Y in the urine 
under analysis. Thus meta-aminobenzoic acid as well as meta-toluidine 
have been added to urine samples. 

It seems conceivable, however, that both substances are influenced 
in the same degree by the reducing compounds in the urine and that 
it might be sufficient therefore to add either compound to the urine. 
The following experiment was performed: 

To 8 specimens of different urines, meta-toluidine and meta-amino- 
benzoic acid were added. The proportion between the extinction value 
for either substance in aqueous solution and in these urines at pH Y 
was determined, and it was found that the value for the aqueous solu- 
tion of meta-aminobenzoic acid was reduced to an average value of 
61.4 %, for meta-toluidine to an average of 68.4 %. This agreement 
must be looked upon as sufficiently good to justify the calibration of 
merely one of these substances. (The percentages differed for the differ ■ 
ent urines, though with mutual agreement between the percentages for 
meta-toluidine and meta-aminobenzoic acid.) 

Naturally, a calculation of meta-toluidine in this way — by means 
of the values obtained in 3 reactions with three colorimetric readings 
— is bound to give a considerable percental error. Still, if it is a question 
of demonstrating very great variations in the meta-toluidine output, 
it might afford some information. 

Nor quantitative determination of meta-toluidine after the principle 
given above the following technique is given. 

The urine is diluted to 50 cc. and filtered. From the filtrate 0.5 cc. 
urine is transferred to each of two test tubes, and 2 cc. n HCl is added 
lo either tube. Further, 0.5 cc. water is added to one tube, 0.5 cc. meta- 
toluidine solution (10 mg. dissolved in 100 cc. 0.1 n HCl) to the other 
tube. Then both tubes, provided with a “cooler” are placed on boiling 
water bath for 30 min. After cooling, 2 drops of a 1 % sodium nitrite 
solution are added and, after about 2 min. 1 cc. 2 % urea solution. After 
shaking, the tubes are left standing at least for 30 min. Then, to both 
tubes are added 1 cc. 2 n NaOH and 2 cc. 1.5-molar phosphate buffer 
with pH = Y. After shaking, 1 cc. of a 0.3 % ethyl-a-naphthylamine- 
hydrochloride solution in 1 n HCl, together with 5 cc. alcohol. After 
thorough mixing, both tubes are read — with employment of filter 
S 53 and 10 mm. cuvettes ■ — against the contents of another tube 
treated as above, but containing 0.5 cc. water instead of urine. The 
tube without any addition of toluidine gives the value for the urine, 
and the difference between the extinction values for the two tubes 
gives the extinction value for the added amount of meta-toluidine 
(0.05 mg.). 

Every time a new solution is prepared, it is necessary to determine 
the extinction value for 0.5 c.. of the meta-toluidine solution without 
additional urine (the urine is replaced by 0.5 cc. water) in order to be 
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able to estimate the initial value for the calculation of the reduction 
tiercentaf'e on addition of the tolmdine solution to the unne. 

^ The meta-aminobenzoic acid output is determined with the technique 

^^The'^wlcubtion^will be evident from the example given iu.thc <lc- 
.scription of the principle. Here, however, it must be kept in mind that 
for the calculation of the part of the aminobcnzoic acid in the e.xt inc- 
tion value at pH 1 we employ the extinction value for the added amount, 
of meta-toluidine for calculation of the reduction percentage. 


CommentB of the Method. 

As mentioned before, from Fig. 2 it is evident that there is a direct 
proportionality between the meta-toluidine concentration and the 
extinction value in urine too. As will be noticed from Table 9 the length 
of the hydrolyzing time is sufficient, and Table 10 shows that after 30 
min. the extinction values keep constant. 

Table 0. 


Influence of Varialions in the Length of the Uydrohjsing time on the 

Extinction Values. 


Boiliug lime in min, j 

! 

1 

0 

20 1 

i 

80 1 

i “ 

Urine I 


0.74 

0.70 

0.70 

Urine II 


0.06 

1.08 

1.08 


Table 10. 

Extinction Values in varying Leading Times. 


Time after addition of reagent in min. 

30 

GO 

Urine I 

0.14 

0.14 

Urine II 

0.21 

0.20 

Meta-tolnidine solution 

0.G4 

0.C8 


It is to be emphasized that pH is corrected to 7 before the addition 
of the reagent, and that pH again is shifted to about 3.0 by the solution 
of the reagent (1 n HCl). It therefore seems suitable from the start to 
adjust pH to this value and use a reagent solution which likewise is 
adjusted to pH = 3.9. Experiments showed, however, that such a 
procedure gave ptirely different, not serviceable, reactions. 

Id. drtermination of primary aromatic amines, also a reagent other 
than ethyl-a-naphthylamine has found employment. Westfall (1944) 
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has used a modification of the Bonigeb (1894:) reaction, making use of 
the reaction, -with sodium l,2-naphthoquinone-4-sulfonate for deter- 
mination of 2-ammofluorene. The different forms of toluidine and 
aminobenzoic acid as well as aminocresol were found, however, to give 
about the same intensity of colour with this reagent even when the 
reaction milieu was varied in several ways. So it did not seem possible 
by means of this reagent to work out any simpler technique for deter- 
mination of meta-toluidine than the one given here. 


Summary. 

Methods have been worked out allowing the simultaneous 
estimation of meta-aminobenzoic acid and aminocresol in urine 
from rats (receiving 2,3-azotoluene). The occurrence of other de- 
composition products, meta- and ortho-toluidine, does not inter- 
fere, but it has not been possible to determine these substances 
when they all are found together. 

Rats given meta-toluidine will excrete meta-toluidine, meta- 
aminobenzoic acid and aminocresol. In this case a method has 
been elaborated for the calculation of each product separately. 

The methods for toluidine and aminobenzoic acid are based on 
the employing of Makshall'’s reaction (between diazotized primary 
amines and ethyl-a-naphtylamin) at various pH and sodium chlo- 
ride concentration. 

The method for aminocresol is based on the observation that 
benzene compounds containing an amino and a hydroxyl group 
give a colour reaction with Marshall’s reagent in alcaline solution 
also without preceding diazotization. 
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Previously Stbombeck (1945, 1946) has sliown tlint nclmini.?- 
tration of 2,3-azotoluene did not give rise to tumours of the 
bladder in rats on a laboratory diet of the tyiie usually employed 
in Europe (diet No. 211, given by Hammarsten, 1937). In the 
following, this diet is designated ns froteclive diet. 

On employment of a diet consisting of rice flour with addition 
of a small slice of carrot every other day (here designated ns rice 
diet) Strombeck was able to reproduce the results reported by 
Japanese investigators. Like Otsuka and Nagao (1936), he ob- 
tained certain changes in the mucous membrane of the urinary 
bladder. This was in keeping with the unsuccessful attempt of 
other European investigators (Heep 1936; Eischer-Wasels 1937) 
to obtain tumours of. the liver on a European laboratory diet after 
administration of ortho-amino-azotoluene or para-dimethylamino- 
azobenzene (butter yellow), which, according to YosmDA et al. 
(1935) should be practicable. 

It might be assumed that if the excretion of the decomposition 
products of 2,3-azotoluene (toluidine, aminohcnzoic acid and 
aminocresol — Ekman and StrOjibeck 1947) is affected by 
the diet, the tumour protective effect would be due to interference 
with the metabolism of azotoluene 
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1. Variations in the Excretion of an Azotoluene Decom- 
position Product obserred on changing from 
Protective Diet to Rice Diet. 

Preliminary experiments were aimed at the excretion of primary 
aromatic amines in the urine from rats given azotoluene in the 
diet in such an amount that the daily intake of this substance 
was 30 — 45 mg. Here the same technique was employed as given 
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Fig. 1. Excretion of substances containing a primary amino group in rats given 
2,3-azotoluene in their food (30 — 16 mg. per day). Extinction values determined 
after Suiesen’s (1939) method for determination of sulfanilamide. Each curve 
corresponds to the average values for 8 animals. 


by SiMESEN (1939) for determination of sulfa-preparations. The 
modification comprising hydrolysis of the urine with sodium 
hydroxide was used. As mentioned in a preceding paper (Ekjlan 
1947 a), it is chiefly meta-aminobenzoic acid that is determined. 
As this was not known at the performance of these experiments, 
however, the values given in Fig. 1 are not absolute, but merely 
extinction values. Still, from Fig. 1 it is plainly evident that in 
animals on the protective diet the excretion lies at a considerably 
higher level than in the rice diet. Each experimental group com- 




excretion of decomposition products of 2,3-azotoluene. bJ 

prises 8 rats. The output on protective diet is nearly twice ns large 
as the output on the rice diet. 

Thus these experiments illustrate clearly the influence of the 
protective diet on the excretion products. Besides rice flour, the 
protective diet contains also peanut oil, cod liver oil, yeast, wheat 
sprouts and a salt mixture. 

As to liver tumours, Kensler ct al. (1941) have shovm that 
the development of hepatomas after administration of para-di- 
methylamino-azobenzene is inhibited by the combination ribo- 
flavine -f casein. According to the view presented in a preceding 
paper (Ekman and Strombeck 1947), also this compound is broken 
down in the organism, and the protective effect would therefore 
appear to be the same. So it seems appropriate in the following 
analysis to pay particular attention to riboflavine and casein. 


2. Increased Output of the O.xidizcd Decomposition 
Products Aminocrcsol and Aniinobcnzoic. Acid, niid 
Decreased Output of the Unchanged Product, 
Toluidine, on Supply of Protcclivo Factors. 

In these studies it was ucco-ssary to depart from the previous com- 
parison between protective diet {HAMJfAR.STEN diet) and rice diet, as 
both contain uncontrolled amounts of vitamin B in the rice flour and, 
as far as the protective diet is concerned, in the casein. Instead of the 
above-mentioned protective diet, we have employed a basic diet, free 
from vitamin B, consisting of: 


Vitamin-free wheat starch 63G g. 

Peanut oil 57 » 

Vitamin-free casein 220 » 

Cod liver oil 3 , 

Salt mixture gO , 


976 g. 

The salt mixture consisted of: 

Sodium chloride 52 r;. 

Magnesium sulphate ng V 

Sodium phosphate, monobasic * . io4 , 

Potassium phosphate, dibasic . 286 » 

Calcium phosphate, monobasic 462 » 

Calcium lactate .jon 

Perricitratc or, 


5 hlZlQl, ^efa Scandinav. VoJ. Vi, 


1,145 g. 
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To this diet were added aneurin (Bj), riboflavin (Bz) and nicotinamide 
(NSA) in such amounts that the animals received about 10 y Bj daily, 
about 40 y Bj, and about 600 y NSA daily. As mentioned before, it 
was reasonable to assume that representatives of the B group might be 
expected to be present among the protective factors; and in order to 
avoid all too many possibilities of variations in the analysis, to begin 
with we included only Bj, B. and NSA. 

Insofar as an adequate diet — with regard to all the factors of the 
B group — was considered expedient, the animals were given an addi- 
tion of yeast. 

In the experiments the point was from the controlled protective 
diet to exclude some of the possibly active components and in this way 
to analyse their action. In order to have a uniform terminology for the 
text and figures in subsequent experiments, we have designated the 
combination of wheat starch, peanut oil, cod liver oil and salt mixture 
as B-free dial. If, in addition, the diet contains, for instance, vitamin- 
free casein, B^ and NSA, it is designated as B-free diet -f- casein -j- Bi -f 
-f NSA. 


A. Conditions on Supply of 2,3-Azotoluene. 

First the analyses were aimed at the excretion of meta-amino- 
benzoic acid and aminocresol in rats which were given 30 mg. 
azotoluene daily (in oil solution) by mouth — by means of a finely 
graduated glass syringe mth a blunt point. With the technique 
here employed, the same amoimts of meta- and ortbo-aminoben- 
zoic acid give extinction values with a proportionality of 6:1. 
On administration of azotoluene, then, ortho-aminobenzoic acid 
may in a slight degree influence the values for meta-aminobenzoic 
acid (for particulars, see Ekjian, 1947 a). From Figs. 2 and 3 
it is evident that the excretion is considerably higher when the 
animals get B-free diet -}- -j- NSA yeast casein than when 

they only get B-free diet -J- Bi -1- NSA casein. The difference 
becomes even greater when one group of animals gets only B-free 
diet. Naturally, however, the difference here might have been 
the same also without this restriction of the deficient diet. The 
main difference in the beginning of the experiments may be taken 
to be the absence of Bj in one group, and the findings in the latter 
part of the experiment may very well have resulted simply from 
the gradually increasing B« deficiency. 
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Fig. 2. Output of mcta-nminobcnzoic acid in the urine of rats wlticii daily received 
30 mg. 2,3-azotoIuenc by mouth. Each curve corresponds to the averago values 

for f) animals. 
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Fig. 3. Output of aminocresol. Same experiment ns in Fig. 2. 


B. ConditionB on Supply of Meta-toluidine. 

During a protracted experiment the meta'aminobenzoic acid 
output was determined throughout the experimental period, 
aminocresol and meta-toluidine tlirough shorter periods. The 
animals were divided into two groups, each comprising 5 animals, 
all receiving a daily dose of 10 mg. meta-toluidine in oily solution 



68 


BIRGER EKMAN AND J. P. SIROMBEOK. 


perorally. During a preparatory period both groups were put on 
B-free diet -f Bi + NSA -f casein; and this diet gives Bj defi- 
ciency. Then one group was given this diet with an addition of B2, 
which according to Fig. 4 , resulted in a quite considerable increase 
in the meta-aminobenzoic acid output, which subsequently fell 



Fig. 4. Excretion of meta-aminobenzoic acid in rats which daily received 10 mg. 
meta-toluidine by mouth. Each curve corresponds to the average values 

for 5 animals. 


off again. After this, an addition of yeast was given too, and 
this was followed by a very striking increase in the output. In 
the other group, casein was first excluded from the diet, later also 
Bi and NSA. In the last week, when the animals showed symptoms 
of Bi deficiency, this vitamin was again added to the diet. Largely, 
the meta-aminobenzoic acid output for this group showed a slowly 
progressing decrease. 

Even though the variations in the output are somewhat irregular, 
it still seems justifiable to establish that very large differences 
in the output prevail between animals on the most adequate form 
of diet and animals on B-free as well as casein-free diets. It looks 
as if only the addition of B2 would be able to increase the output. 
As in the azotoluene experiments, it cannot be decided conclusive- 
ly whether the progressive decrease found for the deficiency 
group is due to the lack of B2 alone or to some other factors too. 
The experiment is however continued. 

During a certain part of the experimental period, determina- 
tions of aminocresol output were made too. As will be noticed 
from Fig. 5 , there are considerable differences in the output 
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between animals leoeiving B-feee diet and B,, B„ NSA and casern 
and animals receiving only B. HSA and BJree diet. Tims the 
difference is dne te B, and casein; the nee m for the 

group on the adequate diet, -winch previously had hcon panting 
Lly Bj, may be due to tbe circumstance that tbis vitamin was 

added again. 
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As to meta-toluidine. tbe output of tbis could not be estimated 
tbrougbout the experimental period on account of technical diffi- 
culties, but the results of the determinations performed are given 
in Table 1, where the number of experimental days refer to the 


Tnlilo 1, 

Excretion of Meta-Tohiidine on Different Diels. 
Same Experiments as in Figs, h and 5. 



Experimental 
period in days 

55 ' 

69 

71 

76 

Group 

I 

Diet 

B-£ree diet -P Bi 
+ Bs 
+ NSA. 

-f casein 

B-free diet Bi 
-{- B! 

+ NSA 
+ casein 
+ yeast 

mg meta-toluidine 

0.27 

’ 

0.1 0 

0.06 

O.05 

Group 

ir 

Diet 

B-free diet + Bi 
+ NSA. 

B-free diet 

• 

mg meta-toluidine 

0.66 

0.43 

1.15 

1.10 
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values recorded in Figs. 4 and 5, It is plainly evident that on 
comparison between the adequate diet and the B-free the output 
on the adequate diet is practically nil, while on the B-free diet it 
is up to 1 mg. per day. From the description of the technique in a 
preceding paper (Ekman 1947 a) the values cannot be looked 
upon as absolutely reliable. Each value recorded is the average 
for the 5 animals in the group, however, and as the found difference 
lies between 0 and 0.5 — 1 mg., the result may be considered es- 
tablished. 

Thus, on certain experimental days, simultaneous determinations 
were made of meta-toluidine as well as aminocresol and meta- 
aminobenzoic acid, and therefore a balance can be set up with 
regard to the 10 mg. . meta-toluidine received by each animal. We 
find then that in the presence of protective factors the estimated 
quantities amount to 1.6 — 2 mg. meta-aminobenzoic acid, 2 — 2.6 
mg, aminocresol and 0 mg, meta-toluidine, whereas in the absence 
of protective factors the output is about 1 mg. meta-aminobenzoic 
acid, 1,5 mg, aminocresol and 1 mg. meta-toluidine. In both cases, 
the total output amounts to 35 — 40 % of the meta-toluidine 
supplies. 

Isolation experiments now being carried out indicate that be- 
sides the excretory products of 2,3-azotoluene, which all contain 
an amino group, also products containing a carboxyl group but 
no amino group are excreted. Probably the latter products are 
formed on supply of meta-toluidine too, and they might explain 
in part the deficit in the balance. Furthermore, it is to be pointed 
out that the aminocresol value is calculated on the basis of a pre- 
paration which probably (Ekman-Strombeck 1947, and Ekman 
1947 a) contains ortho- and meta-aminocresol, while on adminis- 
tration of meta-toluidine, of course, only the latter form is ex- 
creted, So the absolute aminocresol value may possibly have to 
be corrected. 


O. Conditions on Supply of Sulfanilamide. 

During the preliminary experiments, before the work of the 
technique was concluded, tests were made also concerning another 
easily determinable — namely, sulfanilamide — on rice diet and 
rice diet with addition of riboflavine and casein. The animals were 
given sulfonamide mixed with the food, A certain amount of the 
diet was given daily, and the food not taken was collected every 
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day dried and wghed.' In tMs way it was possible to estimate 
t J’amount of sulfonamide received by the animals per day (on 
an average 40—50 mg.)- F^g- ^ shows the daily output of sulfanil- 
amide, expressed in percentage of the amount supplied, (average 
of the values obtained from 8 animals). Fxora. Fxg. 6 it is evident 
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rig. 6. Excretion of sulfanilamide in rats receiving on an average 40—50 mg. 
daily •with the diet. The curve corresponds to the average values for 8 ani- 
mals, giving the output in percentage of the ingested amount. 


that while the animals on rice diet excreted about 70 %, the output 
decreases after addition of riboflavine and casein to the rice diet 
to 50 %, and on returning to the rice diet it increases to 100 %. 
The experiment, we think, is of interest because it could be de- 
monstrated above that the protective diet brings about an in- 
creased output of the oxidized products of the compounds (azo- 
toluene and meta-toluidine) supplied. In this experiment it now 
is found that — just as in the case of meta-toluidine — the excre- 
tion of the substance originally supplied decreases on addition of 
protective factors. 


8. Hleclianisni of the Action of the Protective Factors. 

A. Demonstration of Conneetion with the Ascorbic Acid 
Production in the treated Animals. 

In the preceding section it was established that excretion of 
oxidized products of azotoluene and meta-toluidine increases, 
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above all, on supply of Ba, eventually also of casein, and at the 
same time the meta-toluidine output decreases. The same condi- 
tion was found to apply to sulfanilamide. With our present know- 



Fig. 7. Excretion of ascorbic acid in the same experiment as recorded in Fig. 1. 
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Fig. 8. Ascorbic acid output in the same experiment as recorded in Figs. 2 and 3. 


ledge of the action of riboflavine and the effect of an adequate 
addition of protein it seems difficult to explain the effect here 
observed on the excretion of the aromatic compounds. In pre- 
ceding works (Ekman 1941, 1944), however, it has been shown 
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Fig. 9. Ascorbic acid output in the same c.Tperinicnl as Tceordwi in Fip*. 4 and r.. 


tl\at cyclic compounds are oxidized by ascorbic acid in vivo and 
in vitro. Certainly, tbe rats employed here for tbc cxpcTimcntA 
are able tbemselves to syntbetize tbeir ^^tamiJl C, and bcncc it 
docs not look as if vitamin C would be able to play any role in tbc 
experiments bere presented. Still, it may be mentioned that 
stateriients bave been made in the literature about a connection 
between tbe synthesis of ascorbic acid in mbs and simnltancouB 
supply of vitamin B {e. g., SnRBELY 193G, SuKF. et al. 1939). 

Bor this reason tbe ascorbic acid excretion wa.s studied (os to 
tbe technique, see Ekman 19i4) at tbe same time as tbe excretion 
of tbe aromatic products in tbe experiments reported above. 
Brom Figs. 7 and. S, which correspond to tbe excretion of the de- 
composition products of azotoluene in Bigs. 1 and 2—3 respectively, 
and from Fig. 9, which corresponds to Bigs. 4 and 5, in which 
tbe meta-toluidine experiments arc recorded, it wil be noticed 
that there is^complete parallelism between tbe excretion of ascorbic 
acid and of tbe oxidation products: aminobenzoic acid and amino- 
cresol. An increased excretion of these products is obtained only 
when the ascorbic acid output with tbe urine is increasing. Con- 
versely, a decreasing ascorbic acid output is connected with an 
mcrease m the excretion of meta-toluene. As is evident from the 
preceding methodological studies (Ekman 1947 a), in all the cases 
the technique was elaborated so that the ascorbic acid in tbc urine 
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had no influence on the determination of the aromatic compounds. 
Furthermore, it can be emphasized that the not yet concluded 
experiments to ascertain which of the conceivable protective fac- 
tors may be active here indicate that, above all, it is B 2 . Fig. 10 
shows plainly that an addition of casein to the diet has no effect 

mg.ascorbic 
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Fig. 10. Ascorbic acid output in rats on varying diets. Each curve corresponds 
to the average values for 5 animals. (Throughout the experimental period the 
animals received daily 30 — 45 mg. 2,3-azotoluene with their food.) 

whatever on the ascorbic acid output even after three weeks, 
whereas an addition of riboflavine brought about a 6 — 10-fold 
ascorbic acid output already after one week. This indicates that 
the effect of the protective factors was attributable to Bs, but 
the effect of B 2 might be indirect and ascribable to the influence 
which — according to these experiments — Bg has proved to 
exert on the ascorbic acid production in rats. In turn, ascorbic 
acid would then — through its oxidizing cleavage of the aromatic 
compounds — afford the explanation of the results obtained. 

In order to prove this assumption, however, it should be possible, 
of course, to replace the B 2 effect by supply of ascorbic acid in B 2 
deficiency. As will be noticed from Fig. 11, indeed, this is also 
possible. Fig. 11 shows that in a group of 8 rats, kept on the rice 
diet, the excretion of sulfanilamide lies at a high level. On adminis- 
tration of 20 mg. ascorbic acid by injection (which gives excre- 
tional values for ascorbic acid that are comparable to the highest 
values obtained in the previous experiment), the excretion falls 
to about one-half, and it rises again on discontinuance of the 
ascorbic acid supply. Naturally this result has to be established 
also for azotoluene and meta-toluidine, and experiments are 
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now going on in order to demonstrate a tumour-preventive effect 
of. ascorbic acid against azotoluenc in animals placed on a defi- 
cient diet, as well as to reproduce the effect obtained on the 
excretion of sulfanilamide. 

Su-)fanil~ 



Fig. 11. Sulfanilamide output in rats on daily ingestion, on an average, of 40 — 50 
mg. with the food. The curve corresponds to tho average values for 8 animals, 
giving the excretion in percentage of tho amount ingested. ■ 

The variations observed in the ascorbic acid output may be 
due either to a change in the conversion of a continually constant 
amount of synthetized ascorbic acid or to a change in the capacity 
for the synthesis of this substance. That tbe latter probably is the 
case will be shown in a subsequent paper (Ekman 1947 b). 


B. The Protective Factors examined have no Influence on 
the Course of the Acetylation in the Organism. 

The effect of the protective factors might be due partly to a 
cleavage of the tumor-producing compound, partly to its influence 
on the excretion of this substance in combined form. As to the 
acetylation, it seems z’easonable to reckon that the same conditions 
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that influence the acetylation of an aromatic amine exert their 
influence on another amine too. In the experiments here presented 
concerning sulfanilamide, the ratio between free and acetylated 
sulfanilamide was determined at the same time. It was then found 
that neither nor ascorbic acid, nor the change from the pro- 
tective diet to the rice diet, had any influence whatever on the 
ratio between free and acetylated sulfanilamide. In all the ex- 
periments this ratio has been particularly constant, about 1:1. 


4. Significance of the Results presented to the Explanation 
of the Latent Period preceding Demonstrable Changes in 
the SIucous Membrane in the Animals given Azotolnenc. 

Otsuka & Nagao (1936) obtained tumours only in the animals 
that survived the treatment for 122 days or longer, and Strom- 
BECK obtained papillomatous proliferation only on treatment of 
the animals for 100 days or more. Animals on which autopsy was 
performed earlier showed no changes in the bladder. So it requires 
a certain, not inconsiderable, latent period before any changes 
may be observed. 

Of course, this has its natural explanation in part in the fact 
that the very early changes are not noticeable. But it also seems 
conceivable that, under the given experimental conditions, a 
part of the latent period is necessary for the animals to reach the 
state of deficiency, which obviously is essential to the development 
of pathological changes. 

This assumption appears to be in keeping with the observation 
reported by JMaisix et al. (1941), that in rats given butter yellow 
as addition to a diet consisting chiefly of polished rice, hepatoma 
appeared in some cases as early as after 90 days, and at a relatively 
high frequency after 180 days, whereas in rats on a diet consisting 
chiefly of rye flour the first hepatomas did not appear till after 
240 — 300 days. 

It may be mentioned that 9,ll-dimethyl-l,2-benzantlirene 
painted on the skin produces tumors already after 43 days. 

The observation reported in Section 2, that the meta-toluidine 
output in the presence of protective factors practically is nil, 
whereas in the absence of such factors a distinctly demonstrable 
excretion takes place, is of considerable interest. Apparently it 
takes a certain length of time before rats on the rice diet excrete 
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Experiments ^vith meta-toluidme aimed at this point are not 
yet carried out. But Fig. 12 shorvs that only after 60 days, did th 
rats (10 animals) which received sulfanilamide (40 oO ^6- 
day) show an. excretion of sulfanilamide rising to about iOU /o 
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Fig. 12. Excretion of ascorbic acid and sulfanilamide in rots receiving daily 40 
—60 mg. sulfanilamide with their food (rice diet). Both curves correspond to tlm 
average values for 10 animals. The ascorbic aeid output is recorded in mg. pet day, 
the sulfanilamide excretion in percentage of the amount ingested per day. 


of the amount supplied, suggesting that the protective factors 
available had been used up. Fig. 12 further shows that during this 
period the output of ascorbic acid decreases slowly. This experi- 
ment may possibly illustrate the idea here presented, but it can 
be proved, of course, only if an excretion of meta-toluidine on 
supply of this substance to animals on the rice diet is found to 
appear only after a certain length of time. If so, it also ought to 
be practicable to promote this phenomenon by employment of 
an entirely Bg-free diet instead of the rice diet — and thus obtain 
the mucosal changes in the bladder within a period considerably 
shorter than 100 days. ■ 


This train of reasoning might be of interest also in another co) 
nection. It is well known that workmen in the dye industry wd 
are occupied with the production of aniline to some exdent a 
liahle to tumours of the bladder. So far,' however, it has not be( 
possible experimentally to obtain aniline tumours by giving at 
mals amliM by moutl, Ou tie other hand, it ia to be pointed o 
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that Yamasaki and Schoichi (1937), who introduced an aqueous 
solution of aniline directly into the bladder on animals, obtained 
the development of epithelioma. In view of omr meta-toluidine 
experiments it seems conceivable that in the attempts through 
oral administration of aniline to produce tumours the animals 
were on such a diet that their vitamin requirement was covered, 
and no aniline output with the urine ever took place. 


Summary. 

The experimental results obtained in this work and in preceding 
studies (Ekman and Steombeck 1947) may be summarized most 
simply as done in the following tabulation. 


Tumorigenic 

compound 

Excretory 

products 

Presence of protec- 
tive factors in the 
diet 

On 

Absence of protec- 
tive factors in the 
diet 

;pnt 

2,3-azotoluene 

aminobenzoic 

acid, 

aminocresol, 

tolnidine 

high 

high 

low 

low 

meta-toluidine 

aminobenzoic 

acid, 

aminocresol, 

tolnidine 

high 

high’ 

very low or nil 

low 

low 

high 


Ascorbic acid 
Sulfanilamide 

Sulfanilamide 


high I low 

Output 

low, I high 

same effect from 
ascorbic acid 

Acetylation 

50% 1 50% 


The protective factors are assumed, above all, to correspond to 
B 2 . Still, some effect from other vitamins belonging to the B group 
cannot yet be excluded. 

The influence of the protective factors on the excretion of the 
tumorigenic compounds is' interpreted as a secondary result of 
their influence on the synthesis of ascorbic acid. 
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A Cutanco-MuscuLar Reflex in Man. 

By 

H. I. BING and A. P. SKOUBY. 

Eeceived 30 April 1947. 


In. a previous investigation Bing, Caklsten and Christiansen 
(1945) measured muscular temperatures during cooling of a limited 
area of the skin with ice. After approximately 7 minutes of cooling 
a decrease in temperature was observed, which varied considerably 
in different individuals. It could be demonstrated that this de- 
crease is caused by an increased loss of heat from the muscle and 
not by a decrease in blood supply due to a vasoconstriction. In 
some cases the fall in temperature was preceded by a transitory 
rise. As the rise was depressed, when the blood supply to the 
muscle was blocked, it was assumed that it is due to an increase 
in intramuscular blood flow. The present paper deals with a 
further investigation of the mechanism of the transitory rise. 


Technique. 

The intramuscular temjjerature is recorded by means of a thermo- 
couple of the type used by Buchthal et al. (1944). The temperature 
is measured in the m. biceps brachii and m. rectus femoris during and 
after exposure of the skin to different temperatures (0 — 60° 0.). Daring 
the experiment the temperature of one junction is kept constant at a 
value between 28 and 35° C. The other junction is placed in the muscle 
30 mm below the skin. Special care is taken to use only thin thermo- 
needles, which have a low heat capacity and cause the least damage to 
the tissue. The inconstant occurrence of the transitory rise in the former 
experiments (Bing et al. 1945) was probably due to the use of needles 
with relatively high heat capacity. The needles applied are 0.5 mm 
thick and 30 mm long. 
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The therraocurrent is recorded by a light-spot galvanometer 
(multiflex) with a sensitivity of 1° scaledivision 3.5 x 1(^** Amp. 
and an internal resistance of 1196 Q. Temperatures are registered with 
an accuracy of 0.05° C. The local variation of the skin temperature is 
obtained by applying 2 blocks of ice with a cooling area of IG cm* each 
or 2 copper containers of the same size filled with water of different 
temperatures. They were placed on the skin directly or wrapped in 
thin rubber bags, and the thermonecdle was inserted betu'ecn the 2 ice 
blocks or containers. 


In control experiments it was ascertained, that only the temperature 
of the Junction at the tip of the needle influences the thermocurrent 
Temperature changes on other parts of the needle proved to bo without 
effect. It could further be shown that the effect is not due to minute 
displacements of the needle caused by the local application of the ice 
dLt pressure exerted by containers of skin tempemttire’ 

does not produce any rise. In model experiments on meat which was 
kept m a water bath at 34° C. and covered with fresh human Jk n thn 


’Results. 
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Fig. 1. 

The influence of the distance heti^'een the middle of the cooled area and the 
thermojunction on intramuscular temperature. 

Curve A: distance 37 mm 
» B: » 40 mm 

» C: » 47 mm 

The rise in temperat-are increases -ndth decreasing distance. The decrease after 
the initial rise becomes steeper, when the cooling stops. 

Abscissa: time in minutes. 

Ordinate: muscle temperature in °C. 

tions (Buchthal et al. 1944 ) takes double tbe time as that ac- 
companying cooling. 

The temperature course after local arresting of the circulation 
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• 9 tietsons The brachial artery was blockea by 

?7af e asL band around tho arm for a parmd 

means of an elastic contradiction to the obser- 

XJ dSd b; (1946) the temporateo alao 

^ pnqpd during cooling with arrested circulation, but the ma^ 
«::f "r^ed wia the dnra*n of the preceding t.me 



Ordinate: Rise in '0. 
Person A. A. O 
» G. S. + 


of blockade (Tig- 2). This finding is rather unexpected and may 
either be due to ineffective arresting of the circulation (perhaps 
due to anastomotic flow from intraossial blood vessels) or to local 
displacements of the blood in the extremity due to localised vaso- 
dilatation. 

In order to investigate, whether the increase in temperature is 
due to a spinal reflex mechanism, experiments were performed on 
3 persons under spinal anesthesia. Even during complete motor 
and sensitive paralysis a perceptible rise of the muscle temperature 
with a subsequent fall was observed as a result of local cooling. 

In 3 experiments performed on 2 persons 6 ml 0. 6 per cent 
novocaine (without adrenalin) were injected intramuscularly 8, 
12 and 13 minutes before the cooling with ice. In one case there 
was no rise at all and in the others it was reduced to 0.2° C Injec- 
tiou of a coireaponding amount of Tpode solution bad no effect. 

Inieotion of 0.6 ml histamine subcutaneously and olosc to the 
needle causmg a strong flush of the skin, is not aoeompanied by 
a ebauge m muscle temperature. Local cooling of tbe skin 10 
minutes later produces the usual rise. 



84 


H. I. BING AND A, P. SKOUBY. 


The rise which is obtained Avhen copper containers with water 
at 15 — 18° C. are used for cooling is smaller than that obtained 
with ice. It amounts to 0.3° C. When high temperatures up to 
60° C. are applied no initial rise in intramuscular temperatme is 
observed, even if pain reactions are produced. 

The initial muscle temperature is without influence on the course 
of the cooling reaction in normal individuals. In experiments 
on 2 patients suffering from paresis after polyomyelitis with a 
low temperature in the paretic muscles (31 and 33° C. respectively) 
the initial rise in temperature which accompanies cooling was 
found to be the same as that in normal persons. It is also present 
in cases of Buergers disease (2 patients), claudicatio intermittens 
caused by arteriosclerosis (2 patients) and in one case of disturb- 
ances after embolism of the popliteal artery. The temperature of 
the muscles in these cases was between 30 and 32° C. 


Discussion. 

The present observations indicate that the primary rise in tem- 
perature which accompanies local cooling occurs rather constantly 
and is independent of the muscle temperature at the beginning 
of the experiment. It is not due to muscle activity produced by 
the cooling, and since a decreased heat dissipation through con- 
vection or radiation is excluded, it can only be explained by 
assuming an increased heat supply through the blood flow. It is 
in accordance herewith that the rise is considerably smaller, when 
the circulation to the extremity under examination is interrupted. 
The fact that the reaction occurs very early in the cooling period 
and is reduced or abolished by local intramuscular application 
of novocaine indicates a neurogenic release of the phenomenon. 
This assumption is supported by the histamine experiments. 
When histamine is injected subcutaneously in relatively large 
quantities, the muscle temperature remains unaltered. 

It was rather surprising that spinal anesthesia did not affect 
this temperature reaction. It indicates that the rise may probably 
be due to changes in the blood supply which are released by an 
axon reflex initiated by the stimulation of sensory receptors in 
the sMn or the underlying tissue. Axon reflexes in the skin have 
been described in man by Lewis (1927), but as far as we know, 
such reflexes from skin to muscle have not been demonstrated 
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Mtlietto. The fact that the reaction is not produced by local 
treatment of the skin with heat indicates, that the receptors are 
cold receptors. The increased rapidity of the fall of temperature 
which was observed when the cooling was removed makes it rea- 
sonable to assume that the rise is caused by an active dilatation 
of the muscular vessels. 


Summary. 

The transitory rise in the temperature of the underlying muscles, 
which follows local cooling of the skin is due to vasodilatation, 
probably released through an axon reflex. 
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Regulation of Respiration during Muscular 
Work, as studied on the Perfused 
Isolated Head. 

By 

O. HEYMANS, J. JACOB and G. LILJESTRAND. 
Eeceived 8 May 1947. 


la the discussion about the regulation of respiration during 
muscular work two main theories have been put forward. According 
to the classical view the determining factor is to be sought in the 
blood itself, attention being focussed on its concentration of car- 
bon dioxide and hydrogen ions as well as on the degree of de- 
saturation of the oxyhsemoglobin. A number of investigators have 
seen as the dominating influence on respiration during muscular 
work, nervous impulses irradiating from the motor cortex or 
from the muscles themselves. It is not necessary in this connection 
to enter into details, some recent work having been reviewed earlier 
(Euler and Liljestrand 1916). It is obvious, however, that the 
two different theories are not necessarily irreconcilable. It is well 
known that sensory stimulations may profoundly influence res- 
piration, and there is no reason why this should not be possible 
also during muscular work. But it seems difficult to understand 
that such a mechanism could be the determining factor and be 
responsible for the usually rather close correlation between oxygen 
consumption and ventilation. It would seem simpler to assume that 
the extent of the metabolism itself by intermediation of the blood 
should constitute the fundamental regulation, and that other 
factors would add their influence to this basic regulation and 
thereby modify the result more or less. 
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The situation is complicated by the fact that oxygen want and 
carbon dioxide accumulation in part have different 
attack, oxygen want stimulating respiration reflexly from the 
carotid and aortic bodies but usually having a depressing action 
directly on the centre, whereas increase of the carbon ^oxide ten- 
sion (and of the hydrogen ion concentration) will stimulate res- 
piration directly as well as reflexly. Their relative influence on the 
final result may also vary considerably. The results obtained in 
different cases will therefore often be difficult to interpret. Thus, 
e. g. oxygen want sometimes leads to an overventilation with wash- 
ing out of carbon dioxide so that the carbon dioxide tension and 
the hydrogen ion concentration are lowered, as found especially 
when the oxygen percentage is reduced in inspired air (cp. Bjur- 
STEDT 1946). Stimulation of sensory nerves may act in the same 
direction. Especially when small or moderate amounts of muscular 
work have been performed, these different factors may become of 
great importance and even dominate the picture more or less. It is 
noteworthy that in experiments on man recent investigators have 
come to the conclusion that during light and moderate work 
the regulation of respiration is achieved reflexly from the 
working muscles (Asmussen, Christensen and Nielsen 1943, 
Asmussen, Nielsen and Wieth-Pedersen 1943) whereas during 
heavy work the composition of the arterial blood is supposed to 
be of primary importance (Asmussen and Nielsen 1946). Experi- 
ments on cats and dogs performed by Euler and Liljestband 


(1946) led to the conception, however, that also during moderate 
work the main effect on ventilation is due to influences acting 
through the blood. After elimination of the carotid and aortic 
bodies the increase in ventilation during work was smaller than 
before, but there was still a considerable effect so that the blood 
was supposed to act both on the centre and the chemoreceptors. 

The difficulty of separating the different factors through the 
coopemtion of which respiration is regulated during muscular work 
made it desirable to study the problem with the aid of the isolated 
perfused head. In this way it would be possible to obtain definite 
mformrton whether the arterial Mood daiing moderate work is 
altered m such a way as to stimulate directly or indirectly this 

Xt bfnoWH 1 also to some 

ooXl to differentiate between the chemical factors 
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Methods. 

The technique for the perfusion of the head of one dog from another 
dog has been described in detail elsewhere (Hetmans and Hetmans 
1926), so that it will be sufficient to give here only an outline of the 

principles of the procedure. 
A B Two dogs (fig. 1), A and B, 

are ansesthetized. Dog A 
serves as the donor and ought 
to be greater than dog B. The 
cephalic ends of the two caro- 
tids and of the two external 
jugular veins of B are united 
with the cardiac ends of the 
two carotids and the two ex- 
ternal jugular veins respec- 
tively of dog A. With a spe- 
cial instrument the head of B 
is then completely separated 
from the rest of the body at 
the level of the 4th or 5th cer- 
vical vertebra. The circul- 
ation between A and B is now 
established, and respiration 
of the perfused head soon 
starts. We recorded the res- 
Fig. 1. Scheme of perfusion of the isolated piratory movements of the 
head of dog B from dog A. perfused head from the larynx 

in the way described by Het- 
mans and Hitmans simply by a thread that was led over wheels to a 
lever (preparations I, II and IV) or in a corresponding way from the 
nostril (preparation III). In the donor dog the ventilation was measured 
at intervals, the tracheal cannula being connected with Loven valves 
and a gas meter; in one preparation the respiratory movements of the 
donor dog were recorded by a Marey pneumograph (preparation lY). 
Blood pressure was recorded from the brachial artery of the donor 
dog. Since the blood pressure regulation in the donor after joining both 
carotids with the corresponding vessels of dog B became greatly im- 
paired, in the following preparations only one carotid artery of the 
donor dog was united with the head of dog B, both external jugular 
veins still being handled as mentioned above. In this way a sufficient 
perfusion was obtained, and the control of the blood pressure in the 
donor remained in a good condition. Anaesthesia was established on 
the donor dog by chloralose (O.os — O.i g per kg) in preparations I, 
II and IV or by urethane (6.6 ml of a 25 per cent solution) in prepar- 
ation III and by ether in dog B.' 
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Electrical stimulation of the donor dog was obtained by an npparnttiB 
("Inneryator”) which could give tetaniziug or "modulated" currents 
of varying strength and duration. The different electrode wn.s placed 
under the skin of the back over the sacrum and the indifferent electrode 
in preparation I under the skin of the lower part of the abdomen and 
in the preparations III and IV oh one of the legs. At the closing of the 
current both legs were then stimulated. 

In all, perfusion of the isolated head -was arranged in four prepar- 
(II) the donor dog was breathing badly, so that 
artificial respiration had to be given at intervals. This preiiaration 
tierefore could not be need for experiments mtli muscular worl: but 
only to try tbe effects of different ventilations of the donor Snd be 
accompanymg reactions of tho perfused head. In the other tlrSc Lsc, 
the donor dog as well .s the perfused head were in S cor'diZ 


mi- 


Results. 

1. Overventilation and Mascular Work. 

If artificial respiration was applied to , . 

easily be demonstrated that nill f- ^ 
decrease of the respiratory rate as w!n T « 

perfused head. Thisi of course to ‘te amplitude, iu the 

Mood became more alialine and tl. Perfusing 

hsmoglobin probably increased so saturation of if.s 

‘feu place with reg'^rid to tr7'‘f ’ " «'l“Miou hnd 

Mate respiration during rest the e normiillv slim- 

fetation of the oxASItiu^m ‘ie 

M 2 :ri?z 

>uovei^'4““"‘' “d probably eCmorrTi® 

*oreased amnht a a P'rftsed bead h!! ®"'''^"- 

eaeutalsoafterft i' 'rorirtnun! • " 

performed five^®'^'"“‘“®tteseresaItrTb"‘' 

of drying Z ° mtb the same biud'or “’'I’“™ent 

obtained. ' following table summarizoT 
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Fig. 2. Determination 4 (Preparation I). Donor dog (A) 14 kg., dog B 9 kg. Head 
of B perfused from the two carotids and the two external jugular veins of A. Curves 
represent from above respiratory movements of perfused head, arterial blood pres- 
sure of A, time in minutes and periods of 3 seconds, signal marking. Between marks 
stimulation of A with tetanizing currents about 27 times a minute. Cp. table 1. 


In this and the following tables +, — and 0 signify increase, 
decrease or no alteration respectively of amplitude in relation to 
resting value before work. 

It turned out that each stimulation was followed by a deep 
respiration of the donor dog, probably owing to a direct action on 
the diaphragm and that therefore a considerable overventilation 
had occurred. The decreased amplitude of respiration of the per- 
fused head will therefore easily be explained as the result of washing 
out of carbon dioxide. As seen from the table there is, however, a 
certain tendency to increased respiratory rate in the perfused head 
during and after work in the donor dog, as the duration of the period 
of stimulation becomes longer. This is clearly demonstrated by 
a comparison between determinations 2, 3 and 4. The reason for 
this increase' which was not observed during simple overventila- 
tion, is probably a certain amount of oxygen want — which is 
known usually to increase the rate of respiration. Dxrring the con- 
tractions the blood flow to the working muscles was probably 
more or less restricted and during the phase of relaxation the 
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Table I. 

liespiraiort/ movements of perfused head durinff iclamzing stimula- 
tion about S7 times per minute of donor dog. 


Nnmber of 
determina- 
tion 

Duration 
of stimu- 
lation 
min. 

Rato per 
min. be- 
fore 
Tvork 

Rate per 
min. du- 
ring work 

Ampli- 

Indo 

during 

work 

Rato per 
min. after 
■work 

Amplitude after 
■work 

1 . . . . 

1 

16.0 

16.0 

— 

16.0 



2. . . . 

2 

8.0 

6.1 

— 

7.3 

— 

3. . . . 

3 

8.1 

9.1 

— 

10.8 

_ 

4. . . . 

4 

9.5 

11.5 

— 

10.2 

— 

5. . . . 

3 

11.0 

12.0 

•4- 

11.1 

-P Resistance in- 
incrcascd in donor 
dog by valves and 
gas meter 


complete restoration may have been difficult. A certain indication of 
oxygen want could be found in the behaviour of the blood pressure 
of the donor dog: during the working period it rose slowly and 
after the end of the work it attained a level that rose with the 
duration of the working period to respectively 182, 197 and 213 
mm. in determinations 2, 3 and 4. In determination 5 the donor 
dog had been connected to respiration valves and a gas meter with 
a considerable resistance. We are inclined to believe — and this 
view is strengthened by direct observations on our other pre- 
parations — that this has somewhat reduced the overventilation 
with the result that now not only a quicker rate but also a slight 
increase in the amplitude of the respiratory movements of the 
perfused head was observed. 

The results seem to show that even during overventilation a 
certain stimulation of the respiration of the perfused head was 
transmitted by the blood from the worldng animal. This stimula- 
tion seems to be connected with oxygen want. 


2. Different Kinds of Muscular Work during Air Breathing. 

A. Tetanizing Currents. 

Since the results mentioned above were interpreted as due to a 
considerable overventilation during the worldng period, the stim- 
ulation was modified in different ways. In preparation I the same 
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strong tetanizing currents as mentioned above were used but 
stimulations were made less frequent and at tbe same time of longer 
duration. Thus in one experiment (6) contractions were induced 
for periods of 6 — 7 seconds and followed by resting periods of 3 — 4 
seconds. In four further determinations on this preparation each 
stimulation lasted 10 seconds and the resting period 5 seconds. 
In this way overventilation, if it occurred at all, was at least greatly 
reduced, since electrically induced contractions of the diaphragm 
in dog A of this preparation were restricted to 10 and 4 respectively 
per minute. Ventilation rose from the resting value of 3 to about 
6 liters per minute, thus considerably less than in the experiments 
quoted under 1. In' the experiments on preparations III and IV 
the indifferent electrode, as mentioned above, was placed on one 
leg, thus eliminating the risk of simultaneous contractions of the 
diaphragm. The duration of each stimulation and resting period 
varied somewhat in the different determinations, the details being 
given in table 2, which comprises all our determinations with 
tetanizing currents with the exception of those given in table 1. 
The amount of work performed was very moderate in all cases, 
the ventilation of the donor dog usually rising at most to about 
twice the resting values. 

As seen from table 2 there was in every experiment with one 
exception (8) a marked increase of the rate and the amplitude of 
respiration of the perfused head not only during work but also 
after it. Kg. 3 and 5 afford typical illustrations and demonstrate 
an intimate correlation between the ventilation of the donor and 
the respiratory movements of the perfused head. A closer scrutiny 
reveals some interesting features. The longer the periods of con- 
traction in comparison with the rest between the stimuli the more 
pronounced was the increase after work. This is clearly seen e. g. 
in preparation HI, where stimulation for 5 and rest for 5 seconds 
each produced a definite rise of the rate and deeper breathing 
during work but only an effect on the rate, with hardly an increase 
of the amplitude, after it. If each stimulus was made to last 10 
seconds followed by a period of 5 seconds rest, a similar result was 
obtained during work, but the great effect was found after it. 
In a corresponding way in preparation IV the strongest after- 
effects were observed with stimulations of 15 seconds duration, 
followed by 5 seconds rest, then came stimulation 10 seconds 
with 5 seconds rest and a further reduction in the after-effect 
took place when both periods had a duration of 10 seconds. The 
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Fig. 3. Determinations C and 7 (Preparation 1). Designations ns in fig. ,2. The curve 
above the time-marking gives the ventilation of dog. A. (Between the marks 0.1 
liter.) Between marks electrical stimulation of A •with tetnnizing currents (about 
7" 4* 3" and 10" + 5" respectively). Cp. table 2. 


explanation seems to be tbe same as mentioned above, tbe restitu- 
tion being less complete, as the period of relaxation was shortened 
in comparison with the duration of the contraction. Thus the 
greater the static component of the work, the more pronounced 
was the increase in respiration after the cessation of ivork, whereas 
the effect during work had a certain tendency to become less 
evident. Lintdhard (1920) has shown in man, that prolonged static 
work may be accompanied only by a moderate increase in venti- 
lation with a great effect after the W'Ork has finished. In his cases 
the work (hanging in the bent arms) was prolonged as much as 
possible (up to 0.9 minutes), but it seems evident that there is a 
varying amount of fairly long-lasting contractions in many of 
our usual movements. Our results are in good agreement vdth his 
and show that this after-effect as well as the effect during work 
must, to a great extent, be ascribed to alterations in the chemical 
composition of the arterial blood. 

There are also individual differences to be seen from table 2. 
Preparation III exhibits a greater tendency to after-effects than 
does preparation IV, though the arterial blood pressure in both 
cases remained at about the same level throughout the deter mina- 


Bespiratory movements of perfused head during tetanizing currents of varying duration of donor dog. 
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tions (120—150 for preparation III and 130—150 for IV). It may 
be mentioned, however, that in III the donor dog had been an- 
jesthetized with urethane and in IV with chloralose. 

The experiments referred to in this section leave no doubt that 
during and after moderate muscular work of different kinds, res- 
piration is stimulated to a great extent through the blood. 


B. Modulating Currents. 

In order to decrease the static factor during the working periods 
it was considered desirable to make some experiments with so- 
called modulating currents, which seem to be more similar to the 
usual nerve impulses than the tetanizing currents. The modulating 
currents increase relatively slowly and decrease in a corresponding 
way. Table 3 shows the results obtained in this way (all from 
preparation lY), and fig. 4 gives an illustration. The parallelism 
between the respiratory activities of dog A and the perfused head 
is striking. A comparison with the determinations 19, 23 and 25 
reveals that the effects during work are relatively greater in com- 
parison to the after-effects when modulating currents were used. 
The results seem to be in good agreement with the interpretation 
given above. 

Table 8. 


Nnmber of 
determina- 

tiOD 

Dnratioa 
of Btimu- 
lation 
min. 

Stimnla- 
tion po- 
rioda per 
min. 

Respiratory movements of tlic perfused head 

Rate per 
minntc 
before 
work 

■ 

Rate per 
minute 
during 
work 

Ampli- 

tude 

daring 

work 

Rate per 
minntc 
after 
work 


20. . . . 

3 

8 

12.1 

11.1 

+ + 

11.1 

4- 

21. . . . 

3' 

20 

ll.C 

12.2 

+ + 

12.0 

0 

22. . . . 

3 

20 

15.9 

16.9 

+ + 

16.9 

0 

24 ... . 

3 

8 

16.9 

19.0 

-b-f 

17.0 

+ 


3. Influence of Oxygen Inhalation. 

The assumption that oxygen want plays a role as one of the 
factors concerned with the stimulation of respiration in our work 
experiments led to similar determinations when the donor dog 







Fig, 4. Determinations 22 and 24 (Preparation IV). Donor dog (A) 18 kg., dog B 
12 kg. Head of B perfused from one carotid artery and both external jugular veins 
of A. Curves represent from above respiration of A, respiratory movements of per- 
fused head, blood pressure of A, time in minutes and periods of 3 seconds. 
Between marks electrical stimulation of A ■(vith modulated currents 20 times a 
minute (left part) and 8 times a minute (to the right). Cp. table 3. 

had respired pure oxygen for several minutes. The results of three 
such determinations have been given in table 2 and should be 
compared 'with the three experiments immediately preceding them. 
It ■will be seen that the ans'wer of the perfused head after oxygen 
is less pronoimced during the period of -work as "well as after it. 
Fig. 5 gives the determinations 25 and 26. In this case the respira- 
tions of the donor dog 'were recorded. A rather close parallelism 
can be observed bet'ween the respiratory movements of the donor 
and the perfused head. The blood pressure also 'was some'what 
influenced by the oxygen inhalation, the small rise in the systolic 
value during the contractions in air breathing being nearly absent 
■when oxygen "was given — another indication that some degree of 
oxygen “want occurred during the "work experiments performed 
during air breathing in comparison ■with the determinations during 
oxygen inhalation. The results clearly support the ■vie'w that oxygen 
want is one of the factors that lead to increased ventilation during 
muscular work. 


RESPIRATION DURING MUSCULAR WORK. 


97 



Fig. 5. Determinations 25 and 27 (Preparation IV), Designations as in fig. 4. 
Between marks electrical stimulation of dog A with tetanizing currents (1^' + 6") 
to the left when breathing air, to the right when breathing oxygen. Cp. table 2. 


4. lufluence of Chemoreceptor Denervation. 

Since it is well known tkat oxygen want stimulates respiration 
by way of a reflex over the carotid and aortic bodies, whereas it 
depresses the respiratory centre, it seemed necessary to investigate 
the effects of muscular work on the perfused head after its carotid 
sinus mechanism had been denervated. 

The immediate result of denervation in the three cases, where it 
was performed (I, III and IV), was a great reduction in the activity 
of the respiratory centre. In preparation I the respiratory move- 
ments became very shallow and the rate decreased from 12 to 
about 2 per minute. Carbon dioxide given to the donor dog still 
gave a good increase of the rate in the perfused head, however, 
so that muscular work could be tried. In preparation III the 
spontaneous rate of respiration after denervation sunk from 13.4 
to 8.6 and in preparation IV from 17 to 8.8. These very consider- 
able reductions show that the stimulation of the sinus mechanism 
is of great importance also during rest under the conditions studied 
a result which is in complete harmony with earlier observations 
from our laboratories. 

7 — 472I6I. Acta pliys. Scandinai>. Yol. lU. 
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Table 4. 


■ Prepa- 

! ration 

1 

Num- 
ber, of 
deter- 
mina- 
tion 

Dura- 
tion of 
sti- 
mula- 
tions 
sec, 

Period of 
stimula- 
tion 
min. 

Respiratory movements of the perfused head 
after denervation of the carotid sinus mecha- 
nism, during stimulation "with tetanizing currents 

Rate per 
minute 
before 
•work 

Rate per 
minute 
during 
■work 

Ampli- 

tude 

during 

■work 

Rate per 
minute 
after 
•work 

Ampli- 

tude 

after 

work 

I . 

12 

lO-t-5 

3 

2 

7 

+ 

0 


II . 

17 

10+5 

4 

8.6 

10.8 

+ 

10.7 

5 

ni . 

18 

5+5 

• 4 

12.0 

12.0 

+ 

12.5 

(+) 

IV . 

27 

15+5 

3 

8.8 

12.2 

+ + 

0 



Table 4 gives tbe results after sinus denervation. 

In all cases a good increase in tbe respiration of tbe perfused 
bead bad been induced during tbe work of tbe donor — for several 
reasons a quantitative comparison with tbe values obtained be- 
fore denervation is difficult to perform — , but a great difference 
is now observed with regard to tbe behaviour after tbe working 
period. In determination 17 there was still an increase in rate after 
work has stopped, but tbe amplitude was not increased; in deter- 
mination 18 a small increase in amplitude was seen at this stage. 
In determinations 12 and 27, however, respiration in tbe perfused 
bead stopped altogether for a considerable time after tbe end of 
tbe work. It seems probable that this was due to a decrease in tbe 
carbon dioxide which was not compensated by oxygen want, 
which has only a depressing action on tbe centre. In determina- 
tion 27 tbe dog began to awake from bis ansestbesia — tbe experi- 
ment bad lasted for several hours — and probably overventilated. 
This view is strengthened by the fact that about ten minutes 
later tbe dog was breathing very rapidly with typical Cbeyne- 
Stokes periods. It could be expected if our interpretation was 
correct that it might be possible to induce some respiratory 
activity of tbe perfused bead in this case by a new period of mus- 
cular work in tbe donor with a rise in tbe carbon dioxide tension. 
As shown in fig. 6 this supposition proved to be correct. 

Tbe results after denervation give clear evidence that the sinus 
mechanism as well as tbe centre is concerned with tbe increased 
respiration during muscular work. This conforms well with tbe 
results of Euler and Liljestrand quoted above. 
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Fig. 6. Determination 27 (Preparation IV after sinus denervation of perfused head). 
Designations as in fig. 4. Between marks electrical stimulation of dog A •n'ith 
tetanizing currents (15" + 5"). To the right same stimulation after prolonged 

apnea. Cp. table 4. 


Discussion. 

The detexminations leported in this paper pro\'ide a clear 
demonstration that during and to some extent after ver}’’ moderate 
muscular work, respiration is stimulated to increased actiidty 
through the mediation of the arterial hlood. It must he emphasized 
that the conditions in our experiments were rather unfavourable 
to prove such an influence, since the electrical stimulation used 
not only produced muscular contractions but undoubtedly at the 
same strongly stimulated sensory nerves • — certainly to a much 
greater degree than can be possible during actual work. This 
might well induce increased ventilation and mask the significance 
of the blood factor as demonstrated in our earliest experiments 
(table 1). Still the experiments performed leave no doubt at all 
about this influence through the blood. It seems probable that 
during muscular work the chemical alterations of the blood are 
of fundamental importance for the regulation of respiration. 

O^g^n was found to decrease the respiratory response of the 
perfused head to muscular work. This indicates that part of the 
stimulation is caused by a certain degree of oxygen want. The fact 
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that after denervation of the carotid sinus the effects after the 
work are abolished speaks in the same direction. 

Since overventilation greatly reduced the stimulating effect of 
the arterial blood on the respiration of the perfused head, it seems 
probable that part of the effect is due to increased carbon dioxide 
tension. This is also indicated by the fact that respiration was still 
stimulated by the perfusing blood after carotid sinus denervation. 
Since the centre does not react with increased activity for oxygen 
want — an experience that is supported by our results referred to 
under 4 — this effect is probably due to carbon dioxide (including 
other acids). It is interesting, however, that the stimulating effect 
of a moderate amount of carbon dioxide accumulation will over- 
compensate the depressing action of the corresponding oxygen 
want, so that the arterial blood from the working dog will still be 
able to stimulate the centre itself. 

Summary.' 

Experiments have been performed in dogs on the reactions of the 
perfused isolated head to alterations in the perfusing blood pro- 
voked by muscular work of the donor dog. 

It has been found that respiration of the perfused head is greatly 
stimulated during and often also after muscular work of the donor. 
Overventilation of the donor dog decreased but did not quite 
abolish the answer from the perfused head. The reaction could be 
decreased by oxygen inhalation of the donor. The after-effects 
when work was finished varied with the kind of work performed, 
being greater the more the static component of the work was 
pronounced. Carotid sinus denervation did not abolish the sti- 
mulating effect of the blood during muscular work, but the effect 
after work was decreased or even completely abolished. 

The results are interpreted as giving evidence that during very 
moderate muscular work, oxygen want as well as increased carbon 
dioxide tension stimulate respiration in part reflexly over the 
carotid sinus mechanism, in part directly on the centre. 
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n. The Presence of the Oestrogen-Precursor in 
the Ovaries of R.ats and Guinea-Pigs. 

By 

LENNART CLAESSON and NILS-AKE HILLARP, 
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Investigations into the biosynthesis of oestrogenic hormones 
in the ovary of rabbits have furnished evidence that this takes 
place on the basis of a precursor which is demonstrable by polariza- 
tion optical and histochemical methods (Claesson and Hillarp 
194:6, 194:7, a). The precursor consists of a sterol of the cholesterol 
type, probably identical with cholesterol. It is stored in the inter- 
stitial gland and the theca interna. The amount of the oestrogen- 
precursor stored varies in conformity with the phases of the sexual 
cycle, viz. during oestrus, pregnancy and pseudo-pregnancy con- 
siderable amounts are present in the cells whilst in the immature 
or anoestrus ovary the precursor is either absent or it is present 
in scant quantities. These investigations have also shown that 
the precursor is mobilized in the ovary and disappears when the 
secretion of oestrogenic hormones is intensified, viz., at coitus 
or on injection of gonadotrophic hormone. 

Before proceeding to the description of the investigations into 
the mechanism controlling the formation of the oestrogen-pre- 
cursor and its transformation into hormone mention should be 
made of the variations in the precursor content of the ovaries of 
animals with an oestrus cycle, viz. rats and guinea-pigs. 

^ This study Was aided by a grant from the Swedish Society for Medical Re- 
search. 
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Materials and Methods. 

The specimens under study consisted of ovaries 
nihino rats and guinea-pigs during different phases of the oestrus 
S dmiag prelnancy'^and at ffifeient times after coitus (after 
coitus only rat ovaries were removed). The mobilization of the oestrogen- 
precursor from the ovary was also studied after administration of gon- 
adotrophic hormone (PMS or PU*). -7 The phases of the oestrus cycle 
in the rat were determined from vaginal smears whereas m the guinea- 
pig they were determined from the histological appearance of the vaginal 
epithelium. Animals with an irregular cycle were excluded. 

Frozen sections (10 fi) of ovaries fixed in forma.lin were examined 
by polarization optical and histochemical analysis in accordance with 
the technique published in au earlier communication (CeaESSON and 
Hillaep, 1917, a). — The determinations of the Variations in the 
precursor content were made in duplicate, one polarization optically 
and the other by Schultz’ reaction. Applied to the ovaries of rabbits 
these methods yielded identical results, whereas applied to o%mries of 
rats and guinea-pigs divergent results were occasionally obtained. 
It was found that ovaries of rats and guinea-pigs must be fixed over a 
prolonged period or the precursor is not brought out in a visualizable 
form by polarized light. If the specimens were fixed for less than ten 
days, polarization optical analysis is undecisive, and the variations in 
the precursor content must then be determined on the basis of Schultz’ 
reaction. 

In the Tables appended to this paper -f and -f -f-f -f stand for the 
approximate precursor content, -j — j — j — indicating the maximum 
amount identified. 


Results. 

Eat. 

1. The Precursor Content during the Oestrus Cycle. 

The amount of oestrogen-pteoursor varied in accordance with 
the phasee of the oestrus cycle though marked variations did not 

,«anririe?Z:Xf|el:n m™’ 

(Table D^Dnring the eubse<,nent oeSSe tui 

a noticeable fall in pnase (iijg. there was 

a rise during met-oestrus (Kg”) Tafcl 
anting di-oestr„s are not Srm *9 Piatures 

H ,- of the animals, 

Sits?" 
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Fig. 1. Ovary from rat in pro-oestrus (No. 1 , Table I). Large amounts of precursor 
stored throughout the interstitial gland. Frozen section (10/<) through cortical 

area. Crossed Nicols. x80. 

however, the store of the oestrogen-precursor was comparatively 
small during this phase (fig. 4) as compared to the large amounts 
present during met-oestrus and pro-oestrus. The four animals 
(Nos. 18 — 21), whose pictures conform to pro-oestrus were killed 
at the time of the transitional stage between dioestrus and pro- 



Fig. 2. Ovary from rat in oestrus (No. 14, Table I). Scarcity of precursor in the 
interstitial gland. Frozen section (10/t) through the cortex. Crossed Nicols. X 80. 
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Table 1. 

A f 4T,o Thpca Merna and Inierstiiial Gland of the 
oTa “ /riS, Biffereni Phases of the Oestrus Cyde. 


1 . Pro-oestnts 


Interstitial 

Gland 


Theca interna 
Preovulatory 
Pollicles 


2 . Oestrus 


Interstitial 

Gland 


Theca interna 
Preovulatory 
or recently 
ruptured 
Follicles 



1 

i I + + + and+++ + 
2 +++ 

3 ++ and+++ 

4 +++ and++++ 

5 4-+ znd+ + + 

6 +4-+ and+ + + + 

7 ++ + 

8 +4- and+ + + 

9 +++ 1 

10 + + + and+ + + + 

^ III 


+ + + 

-1 — h 4 ' 


+ + + 

+ + + 

+ + + 
+++ 
++ 4 ' 

-I — j- 4 - 

+++ 


4 , Dioestrus 


4-+ and+4- + 

+ 

-f and+ + 
4-+ and4'4- + 
+ + 

++ 

4-4- 

++ 

4 — h-h 

4-4- and-h-h-h 

-f-h-i- 

-h4- and4-4--l- 
4-4- and4-4-4- 
4--p and 4 - 4 - 4 - 
-h-h 
-h 

4-4- and4-4-4- 
-h-f-h-l- 
-h-f-H-h 
-f 4 - 4 - 
-t--h-h-|- 


Theca interna 
Graafian Foil. 

0 

0 

-f- 

-h 

0 

0 

<-t- 

0 and 4- 
0 and 4 - 
0 and -i- 
<-(- 

4 - and — h 
0 and -i- 
0 

0 to-h-h-h 
0 and 4 - 
0 and -j- 
- 4 -H- and-h-h-h 
0 and -f 
0 arid 4 - • 

0 and -j- 


-h-f 

-f-h-h 

4-4- 
-f-t- 
-i — h 
+ + 

+ + 

+ + 

-f-f 

-h-i- 

-h-f and-f-{- 4 - 
4--|- and-h-h-h 
4*4- and-h-h-h 


-h and- 1 - 4 - 
4 - and 4 --h 
4-4- and-h-f-h 
4-4- and 4 --f- 4 - 
-f-j- and 4 — h-h 
4“ and-1 — f- 
-{- and-f- -|- 
■1 — 

4-4- and 4 - 4 - 4 - 
-f-h 


-f 

0 and 4- 
< 4 - 

0 and 4- 
-{- 

0 and -h 
< + 

0 

0 

0 arid 4- 

0 and 4- 

0 and -i- 

0 and-f 


+ + . ^ 

[4--^ 0 and 4- 

l-h-f-h -f 
l4-f-l- . 0 . 

4- ■ 0 and 4- 

[-f-f 0 and -j- 

'■++ 0 

[- + 

•+++ . <+ 

h 0 and -h 

3 . Metoestrus 


Theca interna 
of Graafian 
Foil. 

4-4-4- and4-4-f-f 0 , 

-f* -|- and-}- -}--}--}- 0 and -}- 

4-4-4- and4-4-4-4- ■ 0 


oestrus, wliicli "would explain tlie large amounts of tlie precursor 
present. ' . . 

The cells of the theca interna* Kkemse showed cliaracteristic 
variations in the precursor content during the, oestrus cycle. 
During pro-oestrus profuse amounts were present only in the large 
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■ * It* 




Fig. 3. Ovary from rat in. metoestrns (No. 2, Table I). Large amounts of precursor 
stored in the interstitial gland. Frozen section (10 ft) through the cortex. Crossed 

Nicols. x80. 

preovulatory follicles (Table 1) wbicb appear in sections in tbe 
form of a ring encircling tbe follicles (Eig. 5). At ovulation tbe 
precursor was mobibzed from tbe tbeca interna cells, wbicb was 
proved by tbe fact that it was then not visualizable in tbe tbeca 
cells around recently ruptured follicles (Fig. 6). On tbe other band, 




n y.i /I 

f i i/. r 


• <*/•» 

1 I, > / * 


■ 
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in the theca of the growing follicles there were no noticeable varia- 
tions in the precursor content. During all the phases of the oestms 
cycle the precursor was either absent or it was present in negli- 
gible quantities. 

Hence, the 'precursor of oestrogenic hormones in the interstitial 
gland of the rat ovary shows two marked peaks during the oestrus 



Fig. 5. Preovulatory follicle from ovary removed during pro-ocstru-s (rat No. 
11, Table I). Large amounts of precursor stored in the cells of the theca interna. 
Frozen section (10 /O through the cortex. Crossed Nicols. x80. 


cycle, viz. during pro-oestrus and met-oestrus. During the intermed- 
iate phases, viz. oestrus and dioestrus the precursor content of this 
gland is very low. In the cells of the theca interna large quantities 
are deposited solely in the preovulatory follicles. At the time of ovula- 
tion the oestrogen-precursor is here mobilized and disappears. 

2. The Precursor Content post Coitum. 

The precursor content was determined in the ovaries of animals 
killed post coitum at different times between three and a half 
and twenty-four hours counting from the beginning of copulation. 
Only those female animals were included in the study, in whose 
vaginas sperms were demonstrable one hour after they had been 
mated. 

Already after three and a half hours the precursor content of the 
interstitial gland had considerably decreased (Table II). In the 
majority of the glandular lobes the precursor was not traceable 
whereas the remaining ones responded only weakly to Schultz’ 
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reaction. This low precursor content was maintained for fifteen 
hours post coitum. In one (No. 8) of the two animals, which were 
killed twenty-four hours post coitum, it was found to he higher 
as compared to that determined in the other animals under study. 
This might he explained by assuming that the storing of the 
precursor, which leads to the massive accumulation characteriz- 



Pig. 6. Recently ruptured follicle from ovary removed during oestrus (rat No. 12, 
Table I). Absence of precursor in the theca interna. Frozen section (10 ft) through 
the cortex. Crossed Nicols. x80. 

ing the ovary of the pregnant animal (see statements under point 
3) begins at this time. 

In interpreting the picture of the oestrogen-precursor in the 
interstitial gland post coitum, the fact must be taken into con- 
sideration that there is normally a marked fall in the precursor 
content during the intermediate stage between pro-oestrus and 
oestrus. If, however, Tables I and II are compared, it will become 
evident that post coitum it is considerably lower than at the time 
of oestrus. It would thus appear that in rats coitus causes a fall 
in the precursor content of the interstitial gland. 

Three and a half hours and five hours post coitum there was 
no evidence of the precursor in the theca interna of the preovul- 
atory follicles. It was likewise absent in the theca cells of recently 
ruptured follicles, which were about to be transformed into 
corpora lutea. Since, however, under normal conditions the oestro- 
gen-precursor is mobilized in this structure at the time of ovula- 
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Table IF. 


Precursor Content of the Theca Interna and Iniersliiial Gland of the 
Bat Ovary at Different Times vost coitum. 


Animal 

No 

Period 
post coitum 
(hours) 

Interstitial Gland 

■ 

Theca Interna 

. ■ 

1 

3V» 

0 and + 

0 Preovulatory follicles 

2 

5 

0 and + 

0 » « 

3 

5 

0 and -}- 

0 » » 

4 

10 

+ 

0 Rccccntly ruptured fol- 
licles 

5 

12 

0 and -f 

0 » DO 

6 

15 

0 and -f- 

Or 9 » 

7 

24 

0 and 

0 Recently formed corpus! 
luteum 

8 

24 

-f- and 

0 Recently ruptured fol- 
licles 


tion, it is not possible definitely to state whetlier coitus intensifies 
this process. 

Coitus thus causes a niathcd jail in the ocstrogeji-jiTccursoY content 
of the interstitial gland ivithin a short fcriod of time. 


3, The Precursor Content during Pregnancy. 

The ovaries under study were removed from pregnant animals 
at various times (between the third and twenty-first day) during 
pregnancy. As may be seen from Table III, the precursor content 
of the interstitial gland shows some variations. These variations, 
however, do not seem to be significative of the fact that the oestro- 
gen-precursor content at a certain stage of pregnancy would differ 
from that present at the other stages. Generally speaking, large 
amounts were present throuhgout pregnanacy (fig. 7), On the 
basis of the specimens studied it cannot be definitely stated 
whether the precursor content changes significatively immediately 
before partus. These conditions mil be investigated in a special 


In the theca interna of the graafian follicles largo amounts 
vere present till the fifteenth day of pregnancy. On the other 
hand, from that day until the twentieth day of pregnancy the 
pmenrsor was absent in the theca cells, whereas on the twentieth 

- In the“rt,’'^ fP . r 

onlv small “i or 

those identi^rd"^ * •'''™i oonditions, which conform to 

those Identified during the oestrus cycle. 
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Table m. 

Precursor Content of the Interstitial Gland and Theca Interna of 
Ovaries removed from Pregnant Rats, Untreated or Treated ivith 
Gonado trophic Hormone. (Simultaneously with the injection of the 
hormone one oVary (B) was extirpated] the other (L) was removed 
19 — is hours after the injection.') 


Animal 

No 

Day of 
Preg- 
nancy 

Dosis of Gonado- 
trophic Hormone 
subcutaneously 
injected 

Number 
of Hours 
between 
Extirpa- 
tion of 
the two 
Ovaries 

Interstitial Gland 

Theca 

Interna 

Graafian 

Follicles 

1 

2—3 




-h-f and-|--f- + 

-f 

2 

2—4 




+ + + 

+ + + 

3 

5 

50 I.TJ. Physex 

48 

^ aiid-^ “I” *4" 

+ + 





L 

0 

0 

4 

5 




+ + + 

+ + 

5 

5 

35 M. LT. Antex 

48 

R 


+ + 





L 

0 

0 

6 

5 

35 M. U. Antex 

48 

R 

++ + 

++ 





L 

0 

0 

7 

5 

50 I. U. Physex 

48 

R -j- and-|*“|“ “f“ 

+++ 





L 

0 

0 

8 

8 

15 M. TJ. Antex 

23 

R 

+ + + 

+ + + 





L 


+ + 

9 

8 

36 SI. U. Antex 

28 

R 

++++ 

+++ 





L 

+ to + + + 


10 

8 

50 I. U. Physex 

48 

R 

nnd-f--f--f 

+++ 





L 

0 

0 

11 Right 

8 




+ + + 

+++ 

12 » 

8 




+ + + 

++4- 

13 

9 

15 31. U. Antex 

23 

R 


+ + + 





L 

+ + + 

++4- 

14 

10 

35 31. .U Antex 

28 

R 

+ + + + 

+++ 





L 



11 Left . 

10 




+ + + 

+++ 

12 » . 

10 




+ + + 

+4' 4* 

15 

11 

10 31. U. Antex 

19 

R 

+ + + 

+++ 





L 

+ + + 

4-4-+ 

16 

15 

10 31. U. Antex 

19 

R 

+ + + + 

4--!- 4- 





L 

+ +++ ■ 

+++ 

17 

15 

15 31. U. Antex 

19 

R 

+++ + 

-i-4--f- 





L 



18 

16 

35 31. U. Antex 

48 

R 

+ + + + 

0 





L 

0 

0 

19 

16 

35 31. U. Antex 

32 

R 

+ + + + 

0 





L 

+ + 

0 

20 

19 




+ + + + 

0 

21 

19 

35 31. U. Antex 

28 

R4-++ and+-f + + 

0 





L 

-t- and-h-j- 

0 

22 

20 




+ -1- and-f-j--!- 

0 

23 

20 




-f- +++ 

H — h 

24 

20 




-f-f- and-i--|- + 

++ 

25 

21 




-}- to + 

+++ 

26 

21 




+ + + 

++ 
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Hence, the oestrogen-precursor content of the interstitial gland 
is maintained at a high level throughout pregnancy. Until the six- 
teenth day of pregnancy this applies also to the theca interna of the 
graafian follicles. Between the sixteenth and twentieth day, however, 
the precursor is absent in the theca cells, whereas in the days pre- 
ceding partus there is again evidence of accumulation. 



Fig. 7. Rat ovary (right) removed on the 16th day of pregnancy (No. 18, Table 
III). Abundance of precursor in the interstitial gland. Frozen section (10 /t) through 
the cortex and medulla. Crossed Nicols. X80. 

4. The Precursor Content of Gonadotrophic- sthnulated Ovaries. 

The rapid changes in the precursor content during the oestrus 
cycle made it necessary to investigate the effect of gonadotrophic 
stimulation on ovaries in pregnant animals. In order to make it 
possible to compare the precursor content in one and the same 
animal before and after gonadotrophic stimulation (Table III), 
one ovary was extirpated immediately before injecting the hor- 
mone. The ovary, which was primarily left, was later on removed 
at different times after the injection, but not later than after 
forty-eight hours. The animals Nos. 11 and 12, which were not 
treated with gonadotrophic hormone furnish evidence of the fact 
that the removal of one ovary does not noticeably change the 
precursor content of the other ovary left primarily in situ. 

Table III shows that 35 mouse units of PMS or 50 international 
units of PU subcutaneously injected causes mobilization of the 
precursor from the ovary after fourthy-eight hours. In all animals 
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treated in this manner the precursor was mobilized and disappeared 
in both the interstitial gland and the theca interna. Neither 
polarization optically or by Schultz’s reaction was there any trace 
of the precursor demonstrable (Figs. 7 and 8). On the administra- 
tion of weaker doses of gonadotrophic hormone, however, though 
causing to a certain extent its mobilization from these structure, 
smaller quantities were left. 
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Kg. 8. Left ovary from the same animal as the ovary shown in Fig. 7, removed 
48 hours after injection of 35 mouse units of pregnant mare serum gonadotrophins. 
Absence of precursor in the interstitial gland. Frozen section (10 fi) through the 
cortex. Crossed Nicols. x80. 


After the administration of large doses of gonadotrophic hormone 
to pregnant animals the oestrogen-precursor is mobilized and dis- 
appears completely in both the theca interna and the interstitial 
gland. 

Gvdnea-pig. 

1. The Precursor Content during the Oestrus Cycle. 

The oestrogen-precursor content of the interstitial gland varied 
also in the ovary of the guinea-pig though to a lesser degree 
than in the ovary of the rat because there was no extensive 
accumulation during the phases of the oestrus cycle (Table IV). 
In this gland it reached its peak during the long period of di-oestrus 
though it happened occasionally that it was low at ah early stage 
of this phase. In contrast to the conditions observed in rats, there 



OESTKOQEN-PKEODRSOR IN THE OVABIE3 OF BATS. 


113 


Tal)lo lY. 


Precursor Content in the Intersiiiial Gland of the Guinea-pig Ovary 
during different Phases of the Oestrus Cycle. (The first day of the 
cycle coincides with the day when the vagina opens.) 


■■1 

Pro-oestrus 


3. Di-oestrus 

Animal 

No 

Interstitial Gland 

Animal 

No 

Day of 
Cycle 

Interstitial Gland 

1 

-f-q. 

1 

2 
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2 

2 
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3 

+ 

3 

3 

4-4- 

4 

+ + 

4 

3 

4-4-4- 
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+ + 
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4 

-b-f- 
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6 

4 

0 and 4- 

7 

-f-{- 

7 

4 

4-4-4- 

8 

+ 

8 

4 

4-4-4- 

9 

-t-t-d- 

9 

5 

+ + 

10 

+ + 

10 

6 

4-4-4- 

11 


11 

7 

4-4- 

12 

0 and-j- 

12 

8 

4-4-4- 

2. Oestrus 

13 
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9 

10 

4--f- 

4-4- and4--f4- 

1 


15 

11 

4-4- 

2 

+ + 

16 

12 

-b-b-b 

3 

+ 

17 

12 

-b4--b 

4 

-1- 

18 

13 

4-4- 

5 

-1- 

19 

13 

4-4-4- 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 17 

-t-l- 
+ + 

+ + 

4- 

-f and-}--l- 
<-l- 

0 to 4 — }- 
0 and-i- 
0 and-j- 
4-4- 
4- 

20 

14 

-j--j--j- 


was no marked precursor accumulation during pro-oestrus; on 
the contrary, tkere was a fall in the precursor content rather. 
This fall was still more marked during oestrus, the content being 
then lowest as compared to the other phases of the cycle. 

In contrast to the conditions in the rat, the precursor was 
either absent in the cells of the theca interna or it was present 
in s-iich small quantities that it was hardly demonstrable. This 
applies to both growing and preovulatory follicles. 

Hence, in the interstitial gland of the ovary of the guinea-pig the 
precursor is demonstrable during all the phases of the cycle though 
8 — i72161, Acta phys. Scandinav. Vol. U. 
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Table Y. 

Precursor Content of the Interstitial Gland of Ovaries removed from 

Pregnant Guinea-pigs. 


Animal 

No 

Day of 
Pregnancy 

Interstitial Gland 

1 

4 

< + 

9 . 

8 

+ 

3 

12 

4" 

4 

16 

<+ 

5 

20 

++ 

6 

24 

+ 

7 

28 

+ 

8 

32 

+ 4' 

9 

36 

+ and+ + 

10 

40 

+ + and+ + + 

11 

44 

+ + and+ + + 

12 

50 

+ + and+ + + 

13 

50 

+ + and+4' + 

14 

60 

4 — 8.nd4 — 1^4“ 


comparatwely inconsiderable amounts dre stored. The precursor 
content reaches its peak during dieoestrus, being lowest at the time of 
oestrus. In the theca cells there is either no evidence of the precursor 
or it is present in such inconsiderable quantities that it is hardly 
demonstrable. 

2. The Precursor Content during Pregnancy. 

The ovaries under study were removed from pregnant animals 
at different stages of pregnanacy, i. e. between the fourth and 
sixtieth day of pregnancy. Throughout the preceding period till 
about the fourtieth day of pregnancy the precursor content was 
very low in the interstitial gland (Table V). From then on the 
pictures changed considerably. Until the sixtieth day of pregnancy 
large quantities of precursor were stored in the interstitial gland 
though to a lesser degree as compared to those deposited in the 
rat. 

In the theca interna there was no evidence of the precursor 
during pregnancy. 

Pence, the jgrecursor content of the interstitial gland of the guinea- 
pig ovary is very low during the first iivo thirds of pregnancy whereas 
during the last third there is a marked accumulation in the cells of 
this gland. 
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Discussion. 

In earlier communications (Claesson and Hillarp, 1946, 1947 , 
a and "b) the present authors demonstrated the presence of a sterol 
in the interstitial gland of the rabbit, rat and guinea-pig ovaries. 
Polarization optical and histochemical analyses suggested that the 
sterol was identical with cholesterol. In the rabbit it was possible 
to furnish direct evidence that it was engaged in the hormone 
metabolism in the form of a precursor of oestrogenic substances. 
Indirectly it was thus proved that it played a part also in the 
ovaries of the rat, and guinea-pig. The investigations discussed 
in this paper, particularly those into the mobilization of sterol 
from the gonadotrophic-stimulated ovary, have furnished direct 
evidence in support of the assumption that the sterol is the pre- 
cursor of oestrogens also in interstitial gland of the rat and guinea- 

Pig- 

In a series of papers Dempsey and Bassett (1943), Dempsey 
and WisLocKi (1944, 1946), Wislocki and Dempsey (1946), 
published their investigations into the steroid formation in the 
ovary, testis and placenta. They used histochemical reactions 
which they assumed to be indicative of steroid substances. The 
results of their investigations led them to the assumption that 
these structures contained keto-steroids, which were histochemic- 
ally demonstrable. The present study furnished evidence for the 
formation of hormones in the ovary, which is quite contrary to 
the hypothesis of these authors. From both the chemical and biolog- 
ical points of view the methods of examination used in our studies 
brought forward evidence in support of the assumption that the forma- 
tion of oestrogenic hormones is based on a sterol of the cholesterol 
type, which is engaged in the formation mechanism as a precursor 
of the active hormone. The histochemical reactions for keto-steroids, 
which were used by Dempsey, Bassett and Wislock:! were crit- 
ically studied in a preceding paper (Claesson and Hillarp, 
1947, b) Dempsey, Bassett and Wislocki based their methods 
of study on the assumption that these reactions are due to one and 
the same substance. The above mentioned investigations, how- 
ever, have demonstrated that this is erroneous, and therefore 
their hypothesis cannot be accepted. 

The precursor of oestrogenic hormones having been demonstrated 
it is within the range of possibility to investigate what structures 
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axe responsible for the production of these hormones. As early 
as in 1917 (Steinach, 1917, Steinach and Holzknecht, 1917) 
the view was advanced that the interstitial gland of the ovary 
would be the site for the formation of oestrogenic hormones. 
On the basis of the results of histological investigations into the 
interstitial cells (Stieve, 1921, Kingsbury, 1914, 1939, Schroder, 
1930) and of those obtained with extraction and implantation 
experiments (Allen and Doisy, 1923, . 1924, Allen, Pratt and 
Doisy, 1925, Zondek and Aschheim, 1926, Aschheim 1926, 
Allen, Pratt, Neavell and Bland, 1930), however, this concept 
Avas largely modified. The last mentioned authors believed that 
the Avails of the follicles were the source of the oestrogenic sub- 
stances. Other authors, who made similar experiments, felt that 
this was not true (Dickens, Dodds and Wright, 1925, Parks 
and Bellerby, 1926). The results of experimental X-ray irradia- 
tion of the ovaries seemed likewise to support the assumption 
that the follicles were not of fundamental* importance in the forma- 
tion of the hormones (Paekes, 1926, 1927, 1928, Beambell and 
Parkes, 1927, Brambell, Parkes and Fielding, 1927, Geller, 
1929 — 30, Genther Schmidt, 1936). Westman (1930), however 
furnished eAudence that this conclusion was ill founded because 
the origin of the hormone-producing cells after X-ray irradiation 
of the ovary was identical with that of the follicles. Corner 
(1938), Allen, Hisaw and Gardner (1939), and Allen (1941) 
on the basis of their investigations into the ovary and its endo- 
crine functions supported the assumption that the walls of the 
follicles would be the site for the formation of oestrogenic sub- 
stances. Against this background one might be led to assume that 
the interstitial gland situated outside the theca interna would not 
be concerned in the formation of oestrogenic hormones. Since it 
has hitherto not been demonstrated that this ovarian component, 
which is the dominating element of the ovary in the rabbit and 
other animals, is concerned in the formation of progesterone, the 
significance of this gland would be obscure. The present authors, 
however, have forwarded eAudence that from a quantitative point 
of Anew the interstitial gland is the main site of storing of the 
oestrogen-precursor. Moreover, in rats and guinea-pigs the oestro- 
gen-precursor content shows characteristic variations during the 
normal oestrus cycle, and in rabbits and rats the oestrogen- 
precursor is mobilized within a few hours after coitus. These facts 
are convincing evidence that the interstitial gland is of fundamental 
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imfortance in the normal formation of oesirogemo substances in 
rabbits, rats and guinea-figs. 

In rabbits and rats tbe oestrogen-precursor bas also been de- 
monstrated in tbe cells of tbe tbeca interna. Tbe part played by 
tbe latter in tbe formation of hormones cannot be deduced from 
tbe specimens under study. There are indications, however, that 
it functions independently at the side of the interstitial gland. The 
fact that tbe precursor disappears in tbe rat during a certain 
period of pregnancy (between the sixteenth and twentieth day) 
whereas tbe level of tbe precursor content of tbe interstitial gland 
is maintained during this period supports this assumption. Tbe 
fact that there generally is no evidence of the precursor in tbe 
theca interna of tbe guinea-pig ovary (though occasionally it may 
be present but only in negligible quantities), neither during the 
oestrus cycle or during pregnancy, is further evidence in support 
of this view. The difference between the reaction of the theca 
interna and that of the interstitial gland seems to support the 
view advanced by Westmak (1934). The cytological investiga- 
tions made by Mossman (1937) and Stafford, Collins and Moss- 
man (1942) also suggest that the theca interna is concerned in 
the formation of hormones. 

Since the factors, which have a bearing on the mechanism con- 
trolling the formation of the precursor and its transformation 
into active hormone are in the main still obscure it is in the pres- 
ent state of our knowledge not possible to explain the significance 
of the variations in the precursor content during the oestrus 
cycle and pregnancy. It is, however, worthy of emphasis, that 
there is a marked fall in the precursor content of the interstitial 
gland during the oestrus phase in both rats and guinea-pigs. 
It should here also be mentioned that there is a considerable 
difference between the precursor content of the ovaries of guinea- 
pigs and that of the ovaries of rats during pregnancy. In rats 
there is massive accumulation throughout pregnancy whereas in 

guinea-pigs the oestrogen-precursor is not stored before the end 
of pregnancy. 


nummary. 

The present inyesigation into the oestrogen-precursor in the 
OTaries o the rat and gumca-pig, as representatiyes of animah 

with an oestrus cycle, is a sequel to an earlier study on this pre- 
cursor in the rabbit ovary. ^ 
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The precursor content of the interstitial gland of the rat ovary 
shows two marked peaks during the oestrus cycle, viz. during 
pro-oestrus and met-oestrus. During the intermediate phases, 

e. oestrus and dioestrus, it is comparatively low. In the theca 
interna the precursor is stored in large amounts only in the pre- 
ovulatory follicles. At the time of ovulation this store is mobilized. 
In the interstitial gland of the guinea-pig ovary the oestrogen- 
precursor reaches its maximum during dioestrus, and its minimum 
during oestrus; in the cells of the theca interna the precursor is 
either absent or it is present in such small amounts that it is hardly 
appreciable. 

The precursor-content of the interstitial gland of the ovary of 
the pregnant rat is high. This high level is maintained unaltered 
throughout pregnancy. This applies also to the theca interna of the 
graafian follicles until the sixteenth day of pregnancy. Between 
the sixteenth and twentieth day, however, the precursor is absent 
in the theca cells whereas during the days preceding partus it is 
again stored. 

In pregnant guinea-pigs the massive accumulation, which is 
present in the interstitial gland of the rat throughout pregnancy, 
does not take place until towards the end of pregnancy; in the 
theca interna the oestrogen-precursor is absent. 

In rats, coitus causes over a short period of time a marked 
fall in the oestrogen-preciirsor content of the interstitial gland. 
On large doses of gonadrotrophic hormone PMS or PU the pre- 
cursor is mobilized and disappears from both the theca interna 
and the interstitial gland of the ovary of the pregnant rat. 

The part played by the interstitial gland and the theca interna 
in the formation of oestrogenic substances in the ovary is dis- 
cussed. The results of this study support the assumption that the 
interstitial gland is of fundamental importance in the normal 
formation of oestrogens in the rabbit, rat and guinea-pig. 
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The effects of inhalation of gas mixtures tvith varying oxygen 
and carbon dioxide content on the pulmonary arterial blood pres- 
sure of the cat have recently been studied by Eulee and Lilje- 
STKAND (1946). It was found that pure oxygen quickly led to a 
decrease in the pressure, whereas a rise was observed during 
oxygen lack. Carbon dioxide (6.5 — 20 per cent) in oxygen as 
compared with oxygen alone caused a small rise in the pressure. 
These results were interpreted as the expressions of an hitherto 
unknown regulating mechanism for an adequate distribution of 
the blood through the various parts of the lungs according to 
the efficiency of aeration. 

In order to contribute to the analysis of this mechanism it 
seemed desirable to investigate whether drugs with a blocking 
effect on the sympathetic and parasympathetic systems would 
influence the variations in the pulmonary arterial pressure caused 
by alterations in the alveolar concentrations of oxygen and carbon 
dioxide. The present study was undertaken mainly to elucidate 
this point. The agents used for this purpose were ergotamine 
tartrate, dihydroergotamine tartrate, yohimbine hydrochloride 
and atropine sulfate. It was also investigated whether the effects 
mentioned were in any way influenced from the carotid sinus 
region. Incidentally the direct Action on the pulmonary arterial 
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Dtessure of the drugs used was observed. Lastly studies were 
performed with regard to the effect of alterations in the ventila- 
tion and the respiratory resistance on the pulmonary axteria 

pressure. 

Methods. 

The experiments were made on cats anaesthetized with O.oo g chlora- 
lose per kg intravenously. The systemic blood pressure was recorded 
with a niercury manometer from the femoral artep', the puli^nary 
arterial pressure according to the method described m detail by hULER 
and Liljestrand.- When the cannula was introduced into the pm- 
monary artery, the vessel was clamped off between two thick threads 
instead of the pair of forceps used by the authors mentioned. One 
thread close to the heart was fixed on a Ligaturstab , uhereas the 
other was held by the operator. This had the advantage t}mt_ the 
pulmonary artery could be lifted and fixed during the manipulations. 
In the earlier experiments the thorax was opened by a longitudinal 
incision in the middle of the sternum, the walls then being held apart 
by a self-retaining retractor. The thymus was dissected upward from 
the base of the heart and held back by a pair of haemostats in which 
case very little bleeding if any occurred. In experiments performed in 
this way a steady and continuous fall of the systemic blood pressure 
usually occurred till the death of the animal, probably due to loss of 
carbon dioxide through the exposed surface of the lungs. In later ex- 
periments another technique was therefore adopted. An incision was 
made on the left side of the thorax in the 4th intercostal space and the 
pulmonary artery exposed. Another smaller incision in the 5th inter- 
costal space on the right side served to introduce and fix the "Ligatur- 
stab”. In successful experiments the cannula could be introduced in 
about 30 seconds after the circulation had been shut off. The thorax 
was then closed at an inflated state of the lungs. "With this technique 
the systemic pressure could easily be kept within the normal range 
even for 2 — 4 hours after the experiment had been started. 

Often the pressure was also recorded from the left auricle, a common 
venous cannula being inserted into the auricular appendage and con- 
nected to a glass tube and a piston recorder in the same way as de- 
scribed by Bulee and LiljEstr.4.xd for the registration of the pulmon- 
ary arterial pressure. When two cannulas were used in this way 

the spontanebus respiration of the animal was often more or less 
impaired. 

kept in bags were administered either through the 
fnsuiiatorv TuJT f artificial respiration or attached to the 

j ™al breathed spontaneously 

were Sfected bv"- "f f ventilation for comparative purposes 

mtroducing a narrow glass tube into the expirLry 

S of a certain period of tim? OcoTn. 

of the carotids was performed by- means of small artery clips 
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Fig. 1. Cat. 3.7 kg. Chloralose. Upper curve pulmonary arterial pressure, lower 
curve systemic blood pressure. 1. Oj (from air). 2.. Air. 3. Oxygen 50 p. o. in Nj. 
Spontaneous breathing, closed thorax. Time 10 sec. 


Results. 

1. Effects of InhEklatioii of Gas Mixtures of Varying Oxygen 
and Carbon Dioxide Content. 

In complete accord with, the results obtained by Euleb and 
Liljestrand, inhalation of pure oxygen quite regularly led to a 
distinct fall of the pulmonary arterial blood pressure. The fall 
was less pronounced after 50 per cent than after pure oxygen 
(fig. 1). Thus in the experiment quoted in fig. 1 pure oxygen 
decreased the pressure from 23 to 19 cm, whereas the correspond- 
ing values for 50 per cent oxygen were 21 and 19 respectively. 
In a second experiment a drop from 23.5 to 18.5 cm for pure but 
only from 21 to 18 for 50. percent oxygen was observed. During 
the early stage of inhalation of a gas mixture rich in oxygen a 
small rise (about 1 cm) of the pressure in the left auricle was found. 
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Pig. 2 A. Cat. 2.3 kg. Chloraloso. Upper Pig. 2 B. Cat. 3.8 kg. Chloraloso. Upper 
curve pulmonary arterial pressure, lower curve pulmonary blood pressure, middle 
curve systemic blood pressure. 1.16p. c. curve left auricular pressure, lower curve 
Oi in N. (from air). 2. Air. 3. 0,. Artificial 83 rBtemio blood pressure. 1. Air (from 
respiration. Time 30 sec. Oi). 2. 0.. Spontaneous breathing. 

Time 10 sec. 

presumably caused by a sudden increase of the inflow of blood 
when the vessels to the lungs became dilated. 

Transition from air to a gas mixture of a lower oxygen content 
rapidly induced a rise in tbe pulmonary arterial pressure. In- 
dividual variations with regard to the sensitivity of the animal 
for oxygen and oxygen want were quite obvious. Fig. 2 A gives 
an illustration of a very big rise in the pressure caused by a re- 
duction of the oxygen content from air to 15 per cent oxygen in 




Fig. 3. Cat. 3.4 kg. Upper curve pulmonary arterial pressure, lower curve systemic 
blood pressure. 1. Interposing a rubber tube with a column of soda lime for one 
minute. 2. Interposing the same tube with a column of sand (the size of soda 
lime particles). Spontaneous breathing. Time 30 sec. 

nitrogen. As a matter of fact the rise was so enormous that it was 
necessary to discontinue the inhalation of the gas mixture with 
the reduced oxygen content and shift to air and later on to oxygen. 
Of course it is possible that in this case the rise in the pulmonary 
arterial pressure might to some extent have been due to back 
pressure from the left auricle if the function of the heart had 
been impaired. From fig. 2 B, however, it can be seen that a very 
great effect on the pulmonary arterial pressure may be obtained 
from oxygen want without any impairment of the function of the 
heart. In this case even the shift from oxygen to air led to a rise 
in the pulmonary arterial pressure from 25 to 65 cm — possibly 
the ventilation was somewhat insufficient. The interesting point 
is that the pressure in the left auricle was hardly affected at all. 

Substitution of 7 or 14 per cent carbon dioxide in oxygen for 
pure oxygen either had no effect at all on the pulmonary arterial 
pressure or led to a rather insignificant increase. It was therefore 
to be assumed that when the respiratory air is simultaneously 
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Fig. 4. Cat. 3.4 kg. Chloralose. Upper cun-o pulmonary arterial pressure, lower, 
curve systemic blood pressure. Time 30 sec. 1. 0, (from air). 2, 7 p. c. CO, in 0,. 
3. Injection of 0.1 mg per kg ergotamino tartrate. 4. 0,. 5. Air. 0. 0,. 7. 7 p, c, 
CO, in] 0,. Arrows at lower curve indicate occlusion and opening of common 
carotid arteries. Spontaneous breathing. 

enriched in carhon dioxide and reduced in oxygen content the 
effect on the pulmonary arterial pressure will almost completely 
be due to the latter factor. That such is the case, is clearly 
illustrated in fig. 3. The animal was made to breathe through a 
tube, the part nearest to the trachea being at first filled with 
coarse sand and in another trial a few minutes later with soda 
lime. The extra dead space in both cases was therefore the 
same, and the only difference was that in the first instance 
carbon dioxide accumulation took place simultaneously with 
the decrease in oxygen percentage. From the fig. it can be seen 
that the rise in the pressure is the same in both cases. 

Ergotamine given in varying doses of 0.1 — 0.6 mg per kg did 
not prevent the effect of oxygen and oxygen want respectively 
on the pulmonary arterial pressure (fig. 4). In most experiments 
ergotamine seemed even to enhance the oxygen effect somewhat. 
With regard to the effect of carbon dioxide, however, a reduction 
was observed after ergotamine, sometimes a slight reversal was 
found. Similar results were obtained with dihydroergotamine 0.16 
mg per kg. 

Yohimbine, which has been found by Hamet and Vignes 
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(1926) to reverse in dogs the adrenaline effect on the systemic 
blood pressure, did not in a dosage of 0.7 — 2 mg per kg in any 
way affect the changes brought about by pure oxygen, 7 per 
cent oxygen in nitrogen and 7 or 11 per cent carbon dioxide in 
oxygen. 

Nor did airopine in a dose of 1 — 6 mg per kg influence the 
response of the pulmonary blood pressure to oxygen, oxygen 
want or carbon dioxide (fig. 5). 


2. Effect of Occlusion of the Carotids on the Pulmonary- 
Arterial Blood Pressure. 

In their paper Euler and Liljestrand during occlusion of 
the carotids hardly saw any influence on the pulmonary arterial 
blood pressure. Since this point has special interest it has been 
investigated more closely. The effect of the occlusion of both 
carotids was tested with the animal breathing alternately air, 
pure oxygen, 7 per cent oxygen in nitrogen and 11 per cent carbon 
dioxide in oxygen. Usually no effect was found (fig. 1), but in 
some instances an effect on the pulmonary arterial blood pressure 
was recorded (fig. 5), especially during oxygen want, a certain 
decrease then usually appearing, it seems possible, however, 
that this is secondary, due to a diminution of the blood volume 
expelled by the right ventricle. 

In confirmation of the results of Wright (1930) and of Euler 
and ScHMiTERLOW (1911) after ergotamine only small pressor 
responses in the systemic pressure were observed. The same was 
found for dihydroergotamine in agreement with the observations 
of Euler and Hesser (1917). 

Neither atropine nor yohimbine had any effect on the pressor 
response to carotid occlusion. 

It may be mentioned in this connection that the increase in 
the pulmonary arterial blood pressure that follows after occlusion 
of the artery to on,e of the lungs, was not influenced by ergotamine. 
The occlusion before ergotaminization led to a pressure rise from 
25 to 33 cm (32 per cent). After ergotaminization, the corres- 
ponding values were 30 and 38 cm (increase 27 per cent). Neither 
did vagotomy, in any way, influence the result of this occlusion. 
After vagotomy the occlusion of the same artery caused a rise 
from 30 to 38 cm. 
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3. Effect of Increased Ventilation. 

It is well known that increased ventilation decreases the sys- 
temic blood pressure to a considerable degree, partly through 
mechanical influence, and partly by washing out some of. the 
carbon dioxide. In the experiments described in this paper de- 
creases up to 75 per cent have been recorded. The influence of 
increased artificial ventilation on the pulmonary arterial blood 
pressure in comparison with the effect on the systemic pressure 
is illustrated in fig. 6. 

The immediate effect of the increased ventilation was a marked 
drop in the systemic pressure, followed by a contiuous slow reduc- 
tion. The pulmonary arterial blood pressure was very little influenc- 
ed at the beginning, then it showed a small reduction. As soon as 
normal ventilation was restored, the systemic pressure rose to the 
previous level, at first quickly and then at a fairly slow rate. The 
pulmonary arterial blood pressure, on the other hand, after about 
one minute showed a rapid rise and attained a value above the 
level before ventilation was increased. If the artificial ventilation 
was increased in exactly the same way as before but oxygen was 
substituted for air, the curve for the systemic pressure had the 
same appearance as before. The pulmonary arterial blood pressure, 
however, was only very little influenced. Especially the rise, after 
ventilation had been reduced again to normal, was now practic- 
ally absent. This shows that whereas the slow lowering of the 
systemic pressure is caused by the washing out of carbon dioxide, 
this is not the case for the pulmonary arterial blood pressure. 
But the increased ventilation not only leads to a washing out of 
carbon dioxide, it also causes a higher alveolar oxygen tension 
and thereby induces a drop in the pulmonary arterial blood pres- 
sure. With the restoring of normal ventilation the alveolar oxygen 
tension is lowered again, and the pressure in the pulmonary artery 
rises. The last experiment in fig. 6 demonstrates that the systemic 
pressure now only displayed the primary lowering but not the 
secondary one, when washing out of carbon dioxide was prevented 
by giving 7 per cent carbon dioxide in oxygen. The pulmonary 
arterial blood pressure was not affected at all except that bigger 
waves typical of the increased respiration appeared. From the 
experiments the conclusion seems to be warranted carbon 
dioxide has a much smaller effect- on the tone of the pulmonary 
arterioles than on the corresponding vessels in systemic circulation. 
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Fig. 7. Cat 3.4 kg. Chloralose. Upper curve pulmonary arterial pressure, lower 
curve systemic blood pressure. 1. Increase by 1 cm of the expiratory resistance. 
2. Further increase by 0.5 cm of the expiratory resistance. 3, 1.5 cm increase of the 
inspiratory resistance. 4. Inspiratory resistance restored to normal. 6. Expiratory 
resistance restored to normal. 6. 1.5 cm increase of the inspiratory resistance. 7. 
1.5 cm increase of the expiratory resistance. 8. Expiratory resistance restored to 
normal. 9. Inspiratory resistance restored to normal. Spontaneous breathing. 

Time 30 sec. 


4. Effect of Increased Resistance to Respiration. 

When the animal is breathing spontaneously through Muller 
valves, an increase of the resistance on the inspiratory or the 
expiratory side affects the pulmonary arterial blood pressure; 
in both cases a rise takes place. 

Fig. 7 gives an illustration. At the start the pulmonary arterial 
blood pressure was 24r. 5 cm. When the expiratory resistance was 
elevated 1 cm, the blood pressure rose to 27 cm. A further increase 
of the expiratory resistance with 0.5 cm brought the blood pressure 
in the pulmonary artery to 31.3 cm from which it dropped to 27 
cm. Now the resistance during inspiration was increased 1.5 cm; 
the pressure in the pulmonary artery rose to 32.5 cm. Bestoring 
the inspiratory resistance to normal (1 — 2 mm), the pulmonary 
arterial pressure dropped from 31.7 to 25.7 cm and restoring the 
expiratory resistance to normal it fell from 25.7 to 22.5 cm. The 
elevation during increased expiratory pressure is mainly due to 
oxygen want as shown in the following experiment. With the 
animal breathing air the pulmonary arterial pressure was 32.5 
cm. An increase of the expiratory resistance with 1.4 cm caused 
a rise in the pulmonary arterial pressure to 37.2 cm, and after 
restoration to normal the value was 33.6 cm. Under oxygen 
breathing the same respiratory resistance only led to an increase 
in the blood pressure from 32.8 to 34 cm (fig. 8). 

It should be emphasized that the rise in the pulmonary arterial 
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AVeinstein (1937), as well as by Hamilton, AVoodbury and- 
Vogt (1939) after large doses. As a matter of, fact after the 
small doses used here the gradient from the pulmonary arterial 
pressure to the left auricle pressure rose about 30 per cent 
in several instances. Since doubling of the blood flow is 
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Fig. 9. Cat 3.2 kg. Upper curve pulmonary arterial pressure, lower curve systemic 
blood pressure. Arrows indicate increase and restoration to the normal of the 
pressure in the lungs. Closed thorax. Spontaneous breathing. Time 30 see. 


necessary to cause such a rise in the pulmonary arterial pressure 
(cp. Euler and Liljestrand and the experiment mentioned p. 
127), it seems hardly probable that the observed rise can be wholly 
explained by an increased blood flow. A direct influence on the 
pulmonary vessels seems likely. 

After ergotamine or yohimbine a reversal of the effect of adren- 
aline on the pulmonary arterial pressure was noted. 

b) Ergotamine. Mellin (1904) first noticed a marked increase 
of the pulmonary arterial pressure in rabbits after injection of 
fluid ergot extract. A\’'ig6ers (1911) recorded the same effect 
after ergotoxine. Mellin attributed this increase of the pul- 
monary arterial pressure to vaso-constriction of the lung vessels. 
AViggers has shown that ergotoxine can also cause an augmenta-- 
tion of the activity of the heart after a primary depressant 
action. In the experiments recorded here ergotamine tartrate 
(0.15 mg per kg) regularly increased the pulmonary arterial 
pressure, sometimes enormously, whether the carotid pressure 
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was rising or falling. Sometimes the increase was several hundred 
per cent (fig. 4). In one instance the pulmonary arterial pressure 
after 0.3 mg ergotamine tartrate per kg rose from 22.5 to 62.5 
cm. The elevated pressure persisted for an extended period. It 
is clearly impossible that this great affect can be due to an increase 
in the blood flow alone. Neither is the effect to be attributed to 
back pressure from the left auricle, since the pressure in the auricle 
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Fig. 10. Cat 29. kg. Chloralose. Upper 
curve pulmonary arterial pressure, middle 
curve left auricle pressure, lower curve 
systemic blood pressure. 1. Injection of 
0.3 mg ergotamine tartrate.. Closed 
thorax. Spontaneous breathing. Time 
10 sec. 
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was not at all or very little increased. It seems necessary to 
assume a constricting action of the arterioles in the lungs. 

On the other hand dihydroergotamine tartrate had little or no 
effect on the pulmonary arterial pressure although the effect on 
the systemic blood pressure was considerable. Doses of 0.1 — 0.15 
mg per kg led to a great fall of the systemic pressure with no or 
only a small effect on the pulmonary arterial pressure. 

c) YoJdmbine. In all cases the systemic as well as the pulmonary 
arterial pressure fell after the administration of O.V — 2.0 mg of 
yohimbine hydrochloride per kg. This is probably due to vaso- 
dilation. But when doses of 0.2 mg per kg were repeated both 
pressures showed very little effect, but sometimes both pressures 
displayed a temporary increase. 

d) Atropine, iiter atropine the systemic blood pressure was 
decreased and at the same time the pulmonary arterial pressure 
showed a small increase. 



PULMONARY ARTERIAL BLOOD PRESSURE. 


133 


e) Pilocarfine. After administration of pilocarpine a decrease 
of the pulmonary arterial pressure was noted. The effect is similar 
to the one observed by Euler and Liljestrand after acetyl- 
choline. 


Discussion. 

The results obtained with certain drugs that are known to act 
on the autonomic innervation of different organs, seem to indicate 
that the tone of the lung vessels might, to some extent, be con- 
trolled through these systems. No evidence has been obtained, 
however, that such is the case during physiological conditions. 
Clamping of the carotids which profoundly influences the splanch- 
nic outflow, only exercises a very small effect on the pulmonary 
arterial pressure which may well be secondary, and the rise in 
pressure after occlusion of the branch of the pulmonary artery 
to one lung was neither affected by vagotomy nor by ergotaminiza- 
tion. 

An increase in the alveolar oxygen tension leads to a drop and 
a decrease to a rise in the pulmonary arterial pressure. These effects 
are not related to simultaneous reactions from the systemic pres- 
sure which may or may not be in the same direction. When the 
pulmonary arterial pressure rises during moderate oxygen want, 
no increase in the pressure in the left auricle was found. Therefore 
the rise of pressure in the pulmonary artery is not due to back 
pressure from the left heart. Nor is it caused by an increased 
blood flow, for even a doubling of the flow leads to a very moder- 
ate increase of the pressure (20 to 30 per cent), whereas moderate 
oxygen want Avill often increase the pulmonary blood pressure 
a hundred per cent or more. This rise must be the result of a 
constriction of the pulmonary vessels themselves. 

The effects of variations in the oxygen tension on the pulmonary 
blood pressure seem to be independent of the innervation of the 
lung vessels. Thus Euler and Liljestrand found that neither 
vagotomy nor extirpation of the stellate ganglia had any influence 
on the effects of oxygen tension on the pulmonary arterial pressure. 
The experiments communicated in this paper with ergotanrine, 
yohimbine and atropine point clearly in the same direction. It 
must be concluded that the lung vessels are in some way able 
to react themselves for the variations in the oxygen tension. 

With regard to carbon dioxide the situation is less clear. An 
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increased carbon dioxide tension may cause a constriction of the 
lung vessels, but the effect is only small. After ergotaminization 
it may be aboHshed or even reversed. This would seem to imply 
that the effect of the carbon dioxide is at least in part exercised 
through the mediation of the autonomic nerves. 

It has been pointed out earlier (Euler and Liljestband) 
that the influence of oxygen tension on the pulmonary vessels 
would seem to constitute a regulating mechanism for the adequate 
distribution of the blood flow through the different parts of the 
lungs. This view is strengthened by the observations made in this 
paper. There seems to be no doubt that the effect is of a local 
nature. 


Summary. 

It has been confirmed that the pulmonary arterial blood pressure 
is increased by inhalation of gas mixtures poor in oxygen and 
decreased if pure oxygen is breathed. The pressure in the left 
auricle needmot be effected at all, so that the tonus of the arterioles 
in the lungs must become influenced by the oxygen tension. 
That this is due to a local effect, as concluded from earlier experi- 
ments (Euler and Liljestrand), is strengthened by the fact 
that it is not abolished by ergotamine, dihydroergotamine, atropine 
or yohimbine. 

Increased resistance during inspiration or expiration leads to a 
rise in the pulmonary arterial blood pressure. Oxygen inhalation 
greatly reduces this effect of increased expiratory resistance. 
Increased pressure in the lungs during the whole respiratory cycle 
left the pulmonary arterial pressure unaffected. 

Carbon dioxide accumulation may also cause a rise of the pul- 
monary arterial pressure, but the effect is small and can be abolished 
by ergotamine. Keasons are given for the conclusion that the 
carbon dioxide tension has a much smaller effect on the tone of the 
pulmonary arterioles than on the corresponding systemic vessels. 

Occlusion of the carotids had only a slight effect on. the pul- 
monary arterial pressure which might be secondary. 

After small doses of adrenaline the pressure gradient between 
the pulmonary artery and the left auricle rose about 30 per cent. 
After ergotamine a very great increase of the pulmonary arterial 
pressure with no or only slight effect on the pressure in the left 
auricle was obtained. It seems necessary to assume that these 
drugs cause a constriction of the arterioles of the lungs. 
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The glands that make up the endocrine system are intricately 
interrelated. A unique position is occupied by the thyroid. The 
clinical and experimental problems presented by this gland were 
taken up for study at an early stage, and numerous investigations 
have been published on the relationship between the thyroid and 
the other endocrine glands. It is generally agreed that, in the 
female, functional disorders of the thyroid are often accompanied 
by irregularities in the sexual cycle. Opinions differ, however, 
as to the nature of these irregularities and their connection with 
the thyroid function. 

Experimental investigations have been conducted with hypo- 
and hyperthyroidism in the ordinary laboratory animals in order 
to elucidate the effect of the thyroid on the ovarian function. 

Hofmeister (1894) seems to be the first to have studied the 
effect of thyroidectomy with special reference to the ovaries. 
In experiments on rabbits, he frequently observed degeneration 
in the ovaries, sometimes manifested as “follikulare Hypertrophic” 
and sometimes as "generalisierte Follikelschrumpfung”. Biedl 
found pronounced hypoplasia of the ovaries in thyroidectomized 
dogs and cats. 

In ten experiments on dogs and cats, Friedmann (1933) showed 
that insemination, gestation and lactation were possible in the 
complete absence of the thyroid. Other workers have described 
various complications of pregnancy in thyroidectomized animals. 
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Tatum (1913) observed degenerative changes in all the paren- 
chymatous organs, particularly the endocrine organs, in thyroid- 
ectomized rabbits. He noted absence of development of the sex 
elements with degeneration of the germinal epithelium in the 
ovaries. 

Seitz and Leidenius (1925) found that the animals could 
become pregnant if small remnants of the thyroid were left in 
place. 

Kunde, Carlson and Proud (1929) repotted degeneration of 
the graffian follicles following thyroidectomy. 

Knaus (1924) found that guinea-pigs could be thyroidectomized 
with no effect on gestation. 

Lee (1925) thyroidectomized rats and observed a prolongation 
of the cycle by about one day for five months. There was no effect 
on the age of puberty. 

Evans and Long (1921) were unable to find any effect on the 
estrous stage or the onset of puberty in rats. Nor could they 
observe changes in the estrous stage following the administra- 
tions of thyroid preparations. 

Grumbreoht(1920), experimenting with rats, reported that the 
changes in the cycle and in the ovaries may be the same in hyper- 
function as in hypofunction. He observed signs of increased ma- 
turity of the ovum following th 3 ncoid treatment. He considered 
that the sensitivy of the ovary to the gonadotropic hormone is 
changed by thyroid medication. 

Leopold and Leisser (1923) studied the effect of hyperthyxeosis 
in rabbits and found pronounced follicular degeneration after 
13, 17 and 22 days of thyroid medication. 

Engelhart (1935) investigated the function of the corpus 
luteum in rabbits after the administration of a thyroid prepara- 
tion. He gave the animals thyroid powder from the second and the 
third day after sterile coitus. Examination of the ovaries 11,- 12, 
13, 14, 15 and 16 days later revealed that regeneration of the 
corpus luteum began on the eight to the tenth day and was very 
pronounced by the fourteenth day. On the thirteenth day the 
reaction of the uterine muscle to pituitrin had again become 
positive. Engelhart stressed the contrast with normal cases, 
in which complete degeneration of the endometrium cannot be 
observed until the seventeenth day. 

In later experiments in 1942, Engelhart found that hyper- 
thyroidism in rabbits led to premature termination of pregnancy 
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and failure of the function of the corpus luteum. He considered 
he could show a certain antagonism between the thyroid gland 
and the corpus luteum hormone. If the experiment was made 
with a sterile uterine horn, the mucosa exhibited premature 
degeneration. He made the same observation in experiments 
with pseudopregnant rabbits. Here the muscular reaction was 
positive and the endometrium was at rest on the fifteenth day 
and degeneration of the endometrium was discernible by the 
thirteenth day. 

Ho change in the cycle in the guinea pig results from thyroid 
medication. If the animal is pregnant, however, it reacts to thyroid 
treatment by aborting. Some workers consider that the death of 
the fetus is primary, while others believe that the abortion itself 
comes first. In young guinea-pigs, prolonged treatment results 
first in hyperemia, later in proliferation in the ovaries, and finally 
in cessation of follicular growth. 

Numerous other workers (Sherwood 1940, Laqueur and Emge 
1941, Knaus 1923, Alexin 1939, Andersson and Kennedy 
1923, PiNEus and Werthessen 1933, Dessau 1937, Kakushkin 
and SoLOVEY 1937, et al.) have studied changes in the thyroid 
in castrated animals and following medication with ovarian 
hormones. Most of them consider that castration is followed by 
atrophy and reduced activity of the thyroid. Treatment with 
ovarian hormones is said to lead to both hyperplasia and increased 
activity. The details of these experiments are of little interest in 
this connection. 

The experiments have thus given contradictory results and have 
yielded no conclusive evidence of the effect of the thyroid on the 
ovarian function. 

We have conducted a series of experiments on rabbits to dis- 
cover whether any change in the action of the ovarian hormones 
can be observed both following removal of the thyroid and the 
administration of thyroid by injection. 

Methods and Results. 

The animals used were adult female rabbits which had not 
previously had young and which had been isolated prior to the 
experiments. The thyroid preparation was thyranon, manufac- 
tured by the Pharmacia Company in Stockholm. The experimental 
conditions appear in Tables I and II. 
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Table I. 




Ov 

(vry and endometrium 


Sterile coitus. 

7 days after sterile coitus 

14 dnjT! after sterile coitus 

Exp. 

No. 

Days after 
thyroidec- 
tomj' 

Ovulation 

No o\’ulation 
(normal) 
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1 
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4 

5 
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10 

11 
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14 
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16 

17 

18 
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20 
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0 
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beginning mild 
-f-f- distinct beginning 
-f-f-f fairly pronounced 
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cases the ovaries were normni -Ii i ^ 
estrin action on the uterus seven and normal 

(two cases), 9, 17, and 21 days 
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and part of the uterus were removed seven days after sterile coitus 
and the other ovary and the uterine horn 14 days thereafter in 
these cases. 

After seven days all the cases exhibited normal corpora lutea 
in the ovaries and normal progesterone action in the endometrium. 

Fourteen days after sterile coitus, Nos. 4, 6, 11, 16, and 17 
showed fairly pronounced degeneration of the corpus luteum and 
beginning degeneration of the endometrium. The remaining 7 
cases (1, 3, 8, 14, 15, and 18) exhibited beginning or insignificant 
degeneration of corpus luteum and endometrium. The ovaries 
and the endometrium presented approximately the same picture 
as those of the control animals. 

In two cases, Nos. 20 and 21, control experiments consisted 
only of exposure of the thyroid. In No. 20 sterile coitus occurred 
on the same day as the operation and in No. 21 ten days after it. 
In both cases the ovaries showed normally developed corpora 
lutea and endometrium seven days after sterile coitus. No. 20 
showed beginning degeneration of the corpora lutea and endo- 
metrial degeneration fourteen days after sterile coitus, while No. 
21 only exhibited signs of beginning degeneration of both corpora 
lutea and endometrium. 

It is scarcely possible to draw any conclusions from these expe- 
riments as to the effect of thyroidectomy on the action of the 
ovarian hormones in the uterus. Nos. 4, 6, 11, 16, and 17, it is 
true, showed somewhat more pronounced degeneration of the 
corpora lutea and the endometrium than is normal. Certain 
variations in biological experiments must be taken into account, 
however, and experience has taught us to expect variations 
under normal conditions also. 

Table II covers 8 experiments (Nos. 22 — 29) in which the animals 
were first thyroidectomized and then treated with thyranon in 
injections of 2 ml every other day for the rest of the experimental 
period. Sterile coitus occurred two days (Nos. 22, 26, and 28), 
seven days (No. 24), ten days (Nos. 23 and 25) and fourteen days 
(Nos. 27 and 29) after thyroidectomy. Two of these animals did 
not ovulate. The others showed normal corpora lutea and nor- 
mally developed endometrium seven days after sterile coitus and 
beginning degeneration of the corpora lutea and the endometrium 
fourteen days later. 

In the four experiments (Nos. 30 — 33) the animals were given 
thjTranon every other day [1 ml dose in two cases (No. 30 and 31) 
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During the whole experimental time the rabbits were treated with 
Thyranon. Doses see page 005 — 000. 

Abbreviations sco tabic I. 


Exp. 

No. 

Sterile coitus. 
Days after 
thyroidec- 
tomy 

Ov 

ary and endometrium ! 

7 days after sterile coitus 

14 days after sterile coitu.s 1 

Ovulation 

: 

No ovulation 
(normal) 

Degeneration 
of corp. lut, 
and 

endometrium 

1 

i 

( 

Noriual 

22 

2 


X 


X 

23 

10 

X 
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24 
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X 
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25 
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X 



(+) 

26 
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X 


X 

27 

14 

X 



{+) 

28 

2 

X 



(+1 

29 

14 


X 


died 


Sterile coitus. 






No thyroid- 






ectomy 





30 

» 

X 


+ -1- 


31 

!> 

X 


-b 


32 

» 

X 


+ + 


33 

» 

X 


-1- + 



and 2 ml dose in two] after sterile coitus. All four ovulated. 
Seven days after sterile coitus they all exhibited normally de- 
veloped corpora lutea and endometrium, and fourteen days after- 
wards they showed degeneration of the corpora lutea and beginning 
endometrial degeneration. 

The experiments 34 — 36 cover three cases of tliyioidectomized 
mature females. Examination of the ovaries and the uterus 14 
and 30 days (No. 34), 30 and 60 days (No. 36) and 60 and 86 days 
(No. 36) after thyroidectomy revelaed no changes (normal ovaries) 
with normal-sized follicles. Estrin action on endometrium. 

In experiments 37, 38, 39 and 40 the animals were given 1 mg 
of progesterone daily for four days beginning 14 days after thy- 
roidectomy in two cases and 30 days afterwards in two cases. The 
endometrium in all four showed normal progesterone action 
(strongly pronounced, complete secretory phase) and resembled 
n detail the endometrium in case 41, in which the thyroid was 
only exposed. 
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Discussion. 

As appears from the tables ovulation did not occur in 6 of 19 
thyroidectomized animals. Bight cases were given thyranon 
treatment following thyroidectomy, and three of them failed to 
ovulate. Of six animals not submitted to thyroidectomy, all of 
them ovulated after sterile coitus. It is noteworthy that so many 
of the thyroidectomized animals, or approximately one-third, 
did not ovulate after sterile coitus. We have no explanation to 
offer for this. The absence of the thyroid can not have influenced 
ovulation directly, because, as appears from the tables, several 
animals ovulated in connection with sterile coitus from one to 
several days after th)rroidectomy. 


Summary. 

An experimental study was made to determine the significance 
of the thyroid to the action of the ovarian hormones on the endo- 
metrium. The experiments were conducted on pseudopregnant 
rabbits, both following removal of the thyroid and after the 
administration of a thyroid preparation. No changes could be 
demonstrated in the action of the ovarian hormones on the endo- 
metrium after thyroidectomy and thyroid medication. 
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The coagulating treatment of burns with tannic acid, to judge 
from the Anglo-American literature of the subject, seems very 
quickly to have lost the leading position it has enjoyed for a couple 
of decades. One must reckon with two different causes of this very 
striking revaluation of a form of treatment that has been acknow- 
ledged over the whole world. It has been shown clinically and 
experimentally that tanning of a wound always delays the physio- 
logical healing. To this may be added the experiences from the 
medical field work of the second World War, where it proved that 
the tanning of unclean burns and burns of the third degree gave 
such bad results that the method was forbidden in certain armies. 
Furthermore, tannic acid has been described as a toxic substance 
for the liver, whereas it was previously regarded as directly life- 
saving through its effect on the burned surface. 

Cases of necrosis of the liver in connection with burns have been 
known for about ten years, but it was Wilson, Mo Gbbgor and 
Stewart’s publication in 1938 concerning injuries to the liver 
in the toxic stage of burns that gave rise to the lively discussion 
of these questions that has since been carried on. From several 
quarters we have had descriptions of severe icterus after burns 
and necrosis of the liver in post-mortem cases. These injuries to 
the liver were especially observed in those cases that had died 
2 — 8 days after a burn, and they were patho-anatomically de- 
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scribed as fatty degeneration or complete necrosis of tKe epitbelial 
cells around the veins in the lobuli of the liver. Concerning the ^de 
of origin of these injuries to the liver, opinion was divided. Wil- 
son and his colleagues saw therein a definite proof of the presence 
of a burn toxin, but others regarded them as among the phenomena 
caused by shock from burns, with its anoxemia and pathological 
vascular permeability. 

The burn cases that on post-mortem showed these central liver 
necroses had all been locally treated with tannic acid, and it 
was clinical mat&rial that gave tise to the suspicion that tannic 
acid might be a toxic substance that after absorption had a special 
affinity for the liver. Experiments were undertaken by 
(1940), who was able to show central necroses of the liver in 
rabbits after intraperitoneal or subcutaneous injections of tannic 
acid. This communication of course aroused very great interest, 
and investigations were started in several quarters in America 
and England. In 1942, Wells, Humthrey and Coll published 
four cases of tannic acid-treated burns mth necroses of the liver. 
Similar necroses could be produced in rats by subcutaneous 
injections of tannic acid. Cameron and co-workers (1943) were 
able to show in experiments on 250 animals of different kinds 
that intravenous injections of tannic acid were fatal, and that 
cardiac dilatation and injuries to the liver and kidneys arose 
as a result. If the injections were given intramuscularly and sub- 
cutaneously a considerably greater amount of tannic acid was 
required. In this connection it was also found that a pronounced 
edema arose at the site of the injection, and that a hemo-con- 
centration and a fall in serum protein followed. After the tannic 
acid treatment of a burn it was possible to demontrate tannin 
in the blood (fexri-chloride reaction), and in a number of the animals 
injuries to the liver were shown (not after subcutaneous injec- 
tions). Barnes, Rossiter and Clark (1943) arrived at similar 
results. The fatal dose for guinea-pigs was found to be 40 mg 
tannin/kg on intravenous injection, but the dose was consider- 
ably higher on intramuscular injection. After the application of 
tannic acid to the burned surface it was possible to demonstrate 
tanmc acid in the internal organs, and slight injury to the liver 
was 0 served. In 1943 Baker and Handler showed necroses 
of the liver in rats after subcutaneous injections of tannic acid, 
ihe absorption of tannic acid from burns could not be investi- 
gated, as burned surfaces resembling those in man could not be 

10 — Acta phys . Scandinav . Vol . U . 
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produced on animals. Tannic acid in other wounds could bring 
about injuries to the liver. In 1943 Hartman and Romence 
obtained slight injuries to the liver in burned animals, but severe 
injuries if the burned surface had been treated with tannic acid, 
lapis or iron chloride. In 1941 Hartman, together with Buis, 
found severe liver-injuries in 4 out of 5 cases of fatal burns. Erb, 
Morgan and Farmer (1943) found in a post-mortem material 
of 61 cases that had died of Wrns that 60 % of the 41 cases that 
had been treated with tannic acid had liver-injuries of different 
degrees, while those cases that had been treated without tannic 
acid did not show any necroses of the liver. 

The experimental investigations mentioned here seem to have 
been accepted as completely valid, as they were considered to 
confirm the suspicions of the clinicians that the tannic acid was 
the cause of the necroses of the liver in connection with extensive 
burns. It is, however, possible to raise a number of objections to 
this conclusion. The majority of the hitherto published cases of 
liver-necrosis after burns have, certainly, arisen in cases that had 
been locally treated with tannic acid; but during these years the 
tanning of burns was the leading treatment, so that it is only 
from the most recent years that a large material for comparison 
may be expected. In 1944 Koch reported that since the tannic 
acid treatment had been abandoned in 1938 no cases of liver- 
necrosis had been observed, and that the mortality had been 
considerably reduced. In other quarters, however, injuries to the 
liver have been observed after indifferent treatment of the burned 
surface, e. g. at the Medical Research Council’s Burns Unit in 
Glasgow. 

Of recent years great attention has been paid to the liver changes 
in connection with different states of shock. It has been shown 
that typical central liver-necroses may arise in connection with 
the most various states of shock. Central necroses of the liver 
have for example been produced by Rubarth (1945) in connec- 
tion with anaphylactic shock in dogs. In anoxemia also the hepatic 
capillaries become pathologically permeable, the intercellular 
pressure is increased and the parenchyma cells are damaged 
chiefly in the central parts of the acini. (Rossle, Epbinger 
1935, Moon 1942 and others.). 

The typical shock from burn is characterized precisely by patho- 
logical capillary permeability, which renders possible injuries to 
the parenchyma of the hver. It must thus be stated that liver- 
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necroses may he conceived to arise in connection loifh extensive 
hums independently of the local treatment that has been given. 

It must be considered as very Temarkable that tbe necroses 
of tbe liver that have arisen in experiments on animals after 
injections of tannic acid have, identically tbe same appearance as 
tbe liver-necroses in different states of shock. It is thus first of 
all necessary to prove tbat.tannic acid in a certain concentration 
in the blood acts toxically upon tbe liver. This seems also to have 
been established by tbe previously mentioned experiments on 
animals where tbe tannic acid has been administered intravenously. 
It should, however, be remarked that in none of these series of 
investigations has the blood concentration been given. — In 
connection with subcutaneous injections of tannic acid all tbe writ- 
ers give considerably higher amounts of tannic acid for the pro- 
duction of liver-necroses. It should here be observed that a strong 
local reaction with necroses and abscesses always appears in con- 
nection with subcutaneous and intramuscular injections, apd that 
veritable states of shock with bemo-concentration and fall of 
serum protein have been observed. Blood analyses after sub- 
cutaneous injections have not, however, been given. 

Experimental burns on animals have not the same appearance 
as burned surfaces on man. Thus, for example, blisters or weeping 
surfaces cannot be produced on animals, that instead show a 
dry, necrotic surface resembling a burn of the 3rd degree in man. 
These burns mean that the circulation is seriously affected, and 
that as a rule thromboses have arisen in the skin vessels. It can 
therefore not be expected that substances can be resorbed through 
such surfaces. Also in connection with the typical burning of the 
2nd degree in man tbe conditions of resorption have not been 
explained. Since Underhill’s (1930) investigations it has long 
been considered that scarcely any resorption occurs, but this 
view has now been revised, as it has been shown in experiments 
with sulfa preparations in local treatment that a very high sulfa- 
concentration in the blood may arise. 

A number of researches now consider themselves able to show 
that injuries to the liver have appeared after the treatment of 
experimental burned surfaces in animals with tannic acid. Very 
itt e importance can be attached to these investigations, as de- 
terminations of the tannic acid-content of the blood have nob 

been carried out and the absorption of the tannic acid has not 
been- ei^lained. 
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Also in Sweden necroses of the liver have been observed in con- 
nection with burns treated with tannin. Eosenqvist (1945) con- 
sidered that the proofs against tannic acid as a substance toxic 
to the liver were so strong that the tannic acid treatment should 
be abstained from until the question had been gone into more 
thoroughly. For this reason experiments were undertaken in 1944 
according to the following plan: 

After the working out of a micro-method for the quantitative 
determination of the tannic acid-content in the blood plasma, 
attempts were to be made to produce liver-necrosis in animals 
by tannic acid injections, and determination of the necessary 
concentration of tannic acid in the blood was to be performed. 

Method. 

Quantitative determination of tannic acid in blood 'plasma. 

Since tannic acid (in the sequel referred to as HTa) is not a well- 
defined chemical compound with a* known constitution, it has not been 
possible to indicate the principles according to which a specific de- 
termination should be carried out. On the other hand, the phenol 
groups in HTa could be exploited for unspecific reactions. Thus, for 
pure solutions quantitative methods have been given that are based 
upon the reduction of arseno-tungstio acid (KUntzel 1943), of mo- 
lybdo-tungstic acid (FoIIin-Ciocalteu’s phenol reagent, EosEnblatt 
and Peluso 1941) and of osmium acid (Mitchell 1924) or based 
upon colour reactions between phenols and iron salts (Mitchell 
1923). All of these methods are photometric, and therefore in principle 
usable as micro-methods. After preliminary experiments with different 
methods we have chosen the arseno-tungstic reaction (Euntzel), 
which is the most sensitive, and which has proved to be usable for the 
problem here in question. 

Arseno-tungstic reagent: 15 g As^Os, 50 g NaWoOi, 25 ml cone. HCl 
and 150 ml ^stilled water are refluxed for 2 hours. The clear, greenish 
solution is diluted to 500 ml with distilled water. Should be kept in 
dark bottle. 

The procedure: 1 ml plasma is mixed well with 2 ml reagent._3 ml 
1.66 n soda solution is then added, and after mixing, the sample is all- 
owed to stand in a water-thermostat at 37° for 20 minutes. A blue 
colour and a white turbidity appear. Centrifuge for 45 — 60 minutes 
at the rate of 3,000 rev./min. The clear centrifugate is photometrized 
in a Pulfrich photometer with filter S. 72 in 0.25 or 0.5 cm cuvette 
with water as compensatory solution. The extinction is corrected for 
blank test on plasma taken before the addition of tannic acid, and the 
HTa concentration is read off from the calibration curve. 

The calibration curve is obtained from a standard series, which must 
be made for each new reagent. In a series of centrifuge tubes O.ioo ml 
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of different solutions of tannic acid, 0--80 micrograms of HTa and O.so 
ml plasma, serum or water are taken and treated as samples. In table 1 
are given tbe results of such standard series. 

Table 1. 

Standard series on human plasma + tannic acid^ 


Amount of HTa in 
/ig per 6 ml 


21.2 

40.7 

1 

81.7 

1 

16 

20 

18 

0.254 

0.473 

0.850 

0.0314 

0.0422 

0.074 

12.4 % 

8.9 % i 

8.7 


No of analyses 

72 

Eq g, mean value corrected for 

blank 

Standard deviation 

Coefficient of variation 


The specific extinction coefficient, k, per mg HTa per ml is gen- 
erally 120— -150. As blue colouring is obtained also with normal plasma, 
some experiments have been carried out to ascertain the cause of the 
blank value. It then proved that uric acid gave a specific extinction, 
coefficient k = 59, hypoxanthine and xanthine l.c, guanine O.o, 
tryptophane 0.3 and phenol O.is, while histidine, tyrosin, glycerol, 
glucose, lactic acid, sodium citrate and heparin had k < O.i. The 

72 

blank value is generally Eq ^ = O. 200 — 0.460, and an uric acid-content 


of 3 mg per 100 ml gives Eq_,= 0.U8, which corresponds to the 

extinction in protein-free filtrate. The blank value must therefore 
be due for the most part to substances that are precipitated on de- 
proteimzation. It is presumably a matter of an unspecific reduction 
and the animal experiments have not given evidence of greater varia- 
tion in this through the addition of tannic acid, so that further experi- 
ments on the blank value have not been carried out. ^ 


II. Experiments on animals. 

Eor these experiments we have used exclusively rabbits weighing 

w' taking of blood samples a technique re- 

sembling that described by Sjowall (1937) has been employed 

us d flT following techniq^l Ls’ 

sulphide' After "" steontium 

(Narcotal "W’) JtaTOnoJfy 

tamed with trioWorethylene on he mask Tf Tv ™ 

-tal ho. with a diameter of 6 om. in ^^4“; 86» ^ 
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circulated, was applied to tlie naked skin, being kept for 60 
seconds on each spot, until tbe desired burning bad been ob- 
tained. Tbe area of tbe burned surface in relation to tbe body 
surface was measured after death from tbe skins of tbe flayed 
animals. 

In experiments with prolonged intravenous infusion of tannic 
acid solution tbe anesthesia was commenced with urethane 
intravenously. After this, tbe infusion cannula was inserted into 
V. jugularis. Tbe anestesia was maintained with urethane, 2 % 
of which was contained in tbe infusion fluid. This also contained 
0.5 ml 5 % heparin per 50 ml in order to prevent coagulation. 
Presb tannic acid solutions in 0.9 % ISTa Cl were prepared daily 
in all the animal experiment's and standard series. 


Results. 

Z. The absorption and excretion of the tannic acid. 

As a part of tbe task we bad set ourselves was to determine tbe 
mean concentration of tannic acid in tbe blood required for tbe 
production of necrosis of tbe liver, it was necessary first to try 
out a plan of dosing. As tbe subcutaneous injection of tannic 
acid was considered best to correspond to the conditions ob- 
taining in a burn treated with tannic acid, tbe tannic acid con- 
centration was first determined in the blood at different times 
after a single subcutaneous injection of different amounts of 
tannic acid. Tbe values obtained are given in fig. 1. 

From this it emerges that tbe absorption from a 10 % tannic 
acid solution is delayed as compared with that from a 5 and 
2.5 % solution. This is probably due to tbe fact that a more 
extensive and pronounced coagulation of tbe tissue around tbe 
site of injection arises. A more careful analysis of tbe blood values 
with reference to tbe rate of absorption and ebmination (cf. 
Teorell 1937) was not carried out, as it did not fall within the 
scope of tbe present work. 

II. Experiments on liver-necrosis. 

As the absorption experiments bad shown that the greatest 
part of the tannic acid entering the blood excreted within 12 
hours, in the experiments aiming at tbe production of necrosis 
of the liver 5 % tannic acid was injected, as a rule every twelve 
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Figure 1. 

Mean concentration of tannic acid in micrograms per ml plasma at different 
times after subcutaneous injection of single doses of tannin. 

Dose per kg of body-weight: 125 mg as a 5 % solution (dots); 250 mg as a 2.5 % 
solution (-f ); 250 mg as a 5 % solution (x); 250 mg as a 10 % solution (squares); 
500 mg as a 5 % solution (circles); 500 mg as a 10 % solution (triangles). No. of 
animals in each series 2 to 7. 

hours, until the animals died. Only 3 of 24 rabbits -were unaffected 
at the conclusion of the experiment, and these were hilled. In 
order to control the absorption of tannic acid, samples were taken 
2 hours after subcutaneous injection, and also, where this was 
possible, at the conclusion of the experiment. The analyses show 
at first a decreasing resorption, more pronounced the greater the 
amount of injected tannin is, but at the conclusion of the experi- 
ment an apparent rise of the tannic acid values, which, however, 
as it has the same general trend as the non-protein nitrogen 
values, is probably due to increased uric acid-content and not to 
increased absorption of tannin. This is also in accordance with 
the observation of Reichenau that tannic acid stimulates the 
excretion of uric acid in the urine. In addition, determinations of 
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Tnl)le 


Subcutaneous mjeciions of 5 % tannic acid. 


Animal number 

64 

55 

^56 

57 

»59 

Number of injections 

8 

7 

14 

3 

11 

No. of days 

4 

4 

8 

2 

7 

Time from last inject, to death 






in hours 

<12 

6 

24 

12 

48 

Cone, of HTa in /ug/ml plasma 





at end of exper 

— 

20 

20 

— 

(58) 

Total quantity of HTa injected 





in s/ks bodvu eight 

1.65 

1.45 

1.53 

0.33 

2.25 

Liver: Central acinar necrosis s. 






necrobiosis 

0 

-t- 

0 

0 

0 

Kidneys: Degenerative changes 




in tubular epithelium 

+ 

0 

0 

0 

0 


protein, non-protein nitrogen and bilirubin in plasma as well as 
of tbe hemoglobin-content in the blood were carried out. Of these, 
the protein-content in plasma, after an initial sinking during the 
first twenty-four hours, showed a fairly constant level, and the 
content of bilirubin was always less than 1 mg/100 ml. The non- 
protein nitrogen, on the other hand, rose regularly after some days 
(the highest value was 75 mg/100 ml). During the first few days 
the hemoglobin value was unchanged or moderately reduced; 
but towards the end of the experiment it sank markedly (to 
half the original value or less), as did also the blood corpuscle 
volume. 

The experiments with subcutaneous injection of tannin without 
other treatment are reproduced in tables 2 and 3. The tannic 
acid values in plasma for a series of experiments are given in fig. 2. 

The examinations of the organs showed the following: 

(21 of the animals died spontaneously, 3 were killed.) Parts of the 
liver, the kidney and the myocardium of all the animals were taken and 
subjectedto fixation in a 10 per cent formaldehyde solution. These tissues 
were stained by means of the ordinary histological technique with Htx- 
eosin, Htx-v. Giesson, Weigert’s fibrin-dye and fat dye with Sudan. 
The examinations of these cuts were carried out without any knowledge 
of the quantity of tannic acid that was given to the individual animals. 

Changes were observed in the liver as degenerative destructions 
or necroses of the parenchyme cells within the central parts of 
the acini. These changes conform with those manifested by 
persons who have died of burns. Tables 2 — 5, the extent of the 

changes is denoted by -j }-"i — hj where -f- means slight changes, 

-] — I — [- extensive necroses. 


> killed. 
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In some cases, c. g. Nos. 79, 81 and 83 also fibrinthrombs were 
seen in the veins. The part played by these thrombs with regard 
to the genesis of the parenchyme degenerations can not be de- 
termined, since they were not found in other animals with about 
the same degree of parenchyma injury, for instance. Nos 82- 
and 85. 

Pinally, coccidiosis was ascertained in a few cases, although 
not to an extent affecting an estimation of the investigation 
results. — A few of the animals had slight degenerative changes 
in the epithelium of the kidneys. No changes at all were found 
in the myocardium of all these animals. 

In order to find out whether the combination of a burn with 
tannin injections could lead to necrosis of the liver, a series of 
experiments were carried out with subcutaneous HTa injections, 
after the animals had been given a 3rd degree burn covering from 
5.0 to 14.2 % of the body surface. The results are given in table 4. 
By way of control, two rabbits (nos. 69 and 70) were burned with- 


TaMc 3. 

Siihcuiancous injections of 5 tannic acid. Dose 500 mg tannin per 

hg of body-weight. 


Animnl mirabcr 

79 

8 

A. 

80 

8 

A 

Cl 

oo 

83 

XTumbcr of injections 

ol 

8 

0^ 

8 

Xo. of (Invs 

7 

Time from Inst inject, to death in -hours . . 
Cone, of HTa in ng/ral plasma at end of exp. 
Total quantity of HTa injected in c/kc 
borly-weicht ^ 

<4 

71 

25 

43 

A 

4 

25 

41 

4.0 

-h 

0 

4 

<11 

3.5 

-h-H- 

Liver: Central, acinar necrosis s. necrobiosis 
i Kidneys; Degenerative changes in tubular 
! epithelium 

+ + 

4.0 

++ 

+ 

4.U 
+ + 

0 


T 

+ 
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Figure 2. 

Tannic acid in plasma after repeated injections of 250 mg (dots) and 500 mg 
(circles) tannin per kg of body- weight. Every tannin injection is marked ivith an 
arrow. 

Non-protein nitrogen* values belonging to the first series are indicated by x. 


out being given any subsequent tannic acid injections. When 
they were killed after 8 days the hemoglobin value was only 
slightly lower than before the experiment. 

The examinations of these animals showed the folloAving: 

Table 4. 

Subcutaneous injections of 5 fo tannic acid after burns. Dose 200 — 
250 mg tannin ■per leg of body-weight. 


Animal number 

71 

72 

73 

X74 

75 

76 

Number of injections 

8 

9 

6 

8 

8 

4 

Number of days 

10 

11 

6 

6 

6 

3 

Time from last inject, to death in 






<12 

hours 

<24 

<24 

0 

6 

<6 

Cone, of HTa in /<g/ml plasma at end 





25 


of exp 

— 

f70) 

(206) 

55 

7.5 

Burnt area in % of the whole skin 

14 

12 

5.5 

8.4 

11 

Total quantity of HTa injected in 





1.65 

0.85 

g/kg body-weight 

1.65 

1.85 

1.05 

1.65 

Liven Central, acinar necrosis s. 





(+) 

0 

necrobiosis 

0 

0 

0 

(+) 

Kidneys: Degenerative changes in 




0 


0 

tubular epithelium 

0 

0 

0 


1 killed. 
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As repeated subcutaneous injections gradually entail reduced 
absorption of the tannin, a series of experiments with intravenous 
long-period infusion of a weak tannic acid solution were also 
carried out. The results are given in table 5. 

Table 5. 


Intravenous infusions with tannic acid sohdions. 


Animal number 

65 

66 

67 

68 

78 

HTa in infusion fluid 

1.2 % 

1.2 % 

0.5 ■% 

0.5 % 

0.5 % 

Infusion time in hours 

6 

6.5 

19 

3 

28 

Time from end of infusion to death in hours 

17.c> 

18x24 

2.5 

16x24 

<16 

Cone, of HTa in /<g/ml plasma at end of 
exper .! 

0 

0 

0 

0 

1.3 

Total quantity of THa infused in g/kg body- 
weight 

0.2C5 

0.131 

O.lCl 

0.2G5 

0.330 

Liver: Central, aeinar necrosis s. necrobiosis 

0 

0 

0 

0 

0 

Kidneys: Degenerative changes in tubular 
epithelium 

0 

0 

0 

0 

0 


Microscopic examination of the organs showed no changes, 
neither in the liver nor in any other organ. 


Discussion. 

The method worked out for the determination of tannic acid 
in the blood proved to be fully satisfactory. Blood analyses after 
subcutaneous injections of tannic acid in rabbits showed a con- 
centration of tannic acid that increased with the amount of in- 
jected tannic acid. 

Injuries to the 'parenchyma of the liver localized to the central 
parts of the acini appeared fairly constantly if large amounts of 
tannic acid tvere injected (>2.25 g per kg of body- weight). 

No attempts to measure the concentration of tannic acid in 
the blood or eventually to produce liver-necroses after tannic 
acid treatment of burns on animals were carried out, as it is im- 
possible to produce in animals the typical burn of tlie 2nd degree, 
and one always produces a coagulation necrosis with strongly 
changed circulation. 

As suspicions concerning the toxicity of the tannic acid have 
arisen in the course of the clinical treatment of burns, it is desir- 
able to assess the results obtained from the experiments on 
animals from a clinical point of view. 

One must then bear in mind that the amounts of tannic acid 
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that according to the an,imal experiments would be required to 
give rise to liver-necroses are many times greater than those used 
for the tannic acid treatment of even very extensive burns. On 
the other hand, it may be assumed that a more intensive and even 
absorption of tannic acid takes place from a burned surface than 
from a subcutaneous depot, and that a liver injured by shock 
from burns may be more sensitive than a healthy liver, so that 
even a considerably lower concentration of tannic acid in the 
blood might be conceived to give rise to necrosis of the liver. 

At the Surgical Department of St. Goran’s Hospital the tannic 
acid treatment of burns has not been carried out during the past 
two years, and it has not been possible to observe liver-necrosis 
in any of the fatal cases or signs of injury to the liver in the course 
of extensive burns. This experience agrees well with that given 
in modern publications: cases of necrosis of the liver are rare 
since the tannic acid treatment of burns has been discontinued. 


Summary. 

With the intention of investigating the alleged toxic effects of 
tannic acid on the liver, experimental studies have been carried 
out on a;nimals. Typical liver-necroses have arisen if large quan- 
tities of tannic acid have been injected (at least 2.25 g per kg 
body- weight). Attempts to produce similar injuries by means 
of tannic acid treatment of burned surfaces have not been per- 
formed. 

The experiments give definite support for the assumption that 
tannic acid is a toxic substance. 

The absorption of the tannic acid has been studied with a micro- 
method specially worked out for the purpose for the determina- 
tion of tannic acid in blood plasma. 
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1. Effect of intestinal production of lactic acid on bone forma- 
tion. 

In previous papers Mollgaard and collaborators (1946) have 
shown, that organic oxyacids and particularly tartaric and lactic 
acid have a very pronounced effect, increasing the absorption of 
calcium and phosphate from the intestine of the pig. It was further 
found possible to enlarge the production of lactic acid in the 
intestine by feeding pigs skim nailk cultures of a lactobacillus, 
that will multiply in the intestines of these animals. This fact 
established, two large-scale experiments were set up with 40 
pigs in order to investigate, whether these animal’s would grow 
better and show an improved bone formation, when fed sldm 
milk inoculated with this culture in addition to an ordinary ra- 
tion containing phytic acid phosphorus in an amount of 60 — 66 % 
of the total phosphorus of the ration. 

Two groups of equally conditioned young pigs were composed 
for each experiment, ten animals in each group. The rations of 
the compared groups were equal except for the skim milk. The 
one group (“normal”) was fed skim milk acidified with the ordinary 
streptococcus lactis commonly in use in the dairies- of Denmark. 
The other group (»acid)>) was fed the same amount of skim milk 
acidified with the lactobacillus mentioned. The results of the trial 
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Table 1. 


Effect of feeding shim milk acidified with strejHococcus lactis and 
ruith a lactohacilhis multiplying in ihe intestines of pigs. 



First 

Experi- 

Second 

Experi- 


“Norr 

ment 

“Nor- 

ment 


mal” 

“Acid” 

mal” 

“Acid” 


stropto- 

Lacto- 

strepto- 

Lacto- 


coccus 

bacillus 

COCCUS 

bacillus 

Live weight at begin, of exp. kg 

17.1 

17.2 

19.2 

i 

19.3 

I Live weight at end of exp. kg 

88.8 

91.2 

88.1 

89.9 

i Feed units pro pig pro daj’ 

2.00 

2.17 

2.09 

2.23 

Daily gain pro pig pro day g 

613 

657 

603 

641 

Feed units pro kg. gained 

3.30 

3.30 

3.10 

3.18 


with respect to growth appear from Fig. 1 and 2 and from the 
table 1. 

It is seen from the groAHh curves and from the table, that the 
groups fed the lactobacillus, grow distinctly better than the 
"normal” groups, particularly in the younger ages. The amounts 
of feed units used pro kg. gain are the same in the compared 
groups, meaning that the only effect with respect to growth is, 
that the animals of the “acid” groups reach their final weight 
in shorter time than the normals and eat correspondingly more. 
However in general condition of health the "acid” group's were 
distinctly superior to the normals. Particularly their skin was 
remarkably fine, white and spotless. 

After the slaughter an humerus bone was taken from each 
pig. The bones were sawn through the length and the marrow 
cautiously washed out Avith hot water. The result of inspection 
was very evident and remarkable. The figures 3 and 4= show the most 
typical and the least typical bone amongst the “normals” and the 
“acids” of the first experiment. It is easily seen, that the .bones 
from the “acid” group are considerably stronger than the bones 
from the normal. Their compacta is thicker and their network 
exceedingly more developed, the medullary room conspicuously 
reduced. This difference, indicating a superior bone formation 
in the “acid” groups, was a general mark with all compared animals 
of the first experiment. 

In the second experiment samples of the contents of the small 
intestine were taken from 7 pigs in each group and inoculated 
on skim milk. In two of the "normals” the bones sho\y-ed the 
same picture as in the “acids”, and from the intestines of. these 
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two animals a lactobacillus was cultivated, that in every respect 
resembled the organism used for acidifying the skim milk in the 
“acid” groups. In the other “normals” no such bacillus was found. 
As it would be expected, some pigs are evidently naturally infected 
with this microorganism. Of the "acids” six gave a culture of the 
lactobacillus, one none, and in this one animal the humerus bone 
showed “normal” condition. In all others the bones showed the 
typical superior bone formation. 

One half of each bone in the two groups of the second experiment 
was dissolved in hydrochloric acid and the average contents of 
Ca and P deterniined vuth the following results, showing 



Normal 

Acid 


group 

group 

Ca % 

16.37 

17.13 

P % 


8.25 

Hydroxyapatite % 

41.00 

43.00 


that the mineral contents are higher in the acid than in themormai 
group. 

All these experiments seem to prove beyond reasonable doubt 
that the benificial effect of lactic acid on the absorption of chlcium 
and phosphate is of real biological importance, bone formation 
being distinctly suferior in animals with well developed lactic acid 
fermentation in the intestines. 

This result is probably of very far reaching importance to our 
understanding of the mechanism of absorption of calcium and 
phosphate, presenting a reasonable explanation of some other- 
wise difficultly understandable experimental evidences found in 
Mollgaard’s laboratory. 

2. Absorption of calcium and phosphate with neutral and alka- 
line reaction in the intestines. 

In hitherto unpublished experiments carried out in Mollgaard’s 
laboratory, Hagens found that by feeding large amounts of so- 
dium hydrocarbonate (150 gram pro day) to normal pigs, he was 
able to shift the reaction in the jejunum and ileum in neutral direc- 
tion. The variation was, however, small and determinations of the 
absorption quotients for Ca and P delivered uncertain results, 
the quotients being in some cases entirely unaffected, in others 
significantly depressed. Peeding large amounts of magnesiumtri- 
silikate and magnesiumoxyde (100 gram pro day) to normal pigs 
and to pigs with partial resection of the fundus Borch-Madsen 
(1916) got similar results. However, on pigs made completely 
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Fig. 3. Humerus bones of pigs fed skim milk acidified with streptococcus. Ordinary 
bone formation in growing pigs in Denmark. 



Fig. 4. Humerus bones of pigs fed skim milk acidified with lactobacillus that 
multiplies in the intestine of these animals. Superior bone formation. 
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Tn1)lc 2. 


Effect of feeding large avioanis of magnesium trisiliknlc and magne- 
siumoxgdc to complclc achylic pige. {Borch-Madsen). 


Pig. No 

Experi- 
ment No. 

Food 

Ca nbsorljcd 
0 / 

/O 

P abporbed 

fO 

Live weight 
kg 

11 

1 

Normal 

31.0 

33.0 

42 

151 

1 

Normal 

26.1 

30.;i 

43 

Jle.in 



29.0 

31.0 

42.5 

11 

2 

Alkaline 

21.0 

12.5 

57 i 

151 

2 

Alkaline 

28.8 

18.S 

57 

ilcan 



25.4 

1.5.7 

57 

11 

3 

Normal 

32.0 

37.0 

88 

151 

3 

Normal 

35.0 

30.5 

85 

Mean 



34.1 

33.0 

SG.5 

11 

4 

Alkaline 

31.0 

17.8 

93 

151 

4 

Alkaline 

20.1 

15.7 

92 

Mean 



2G.0 

1G,7 

92.5 

21 

1 

Normal 

30.5 

28.1 

70 

31 

1 

Normal 

29.5 

32.0 

GG i 

Jlean 



30.0 

30.1 

08 i 

21 

2 

Alkaline 

9..1 

8.0 

74 1 

31 

2 

Alkaline 

2G.0 

21.4 

73 1 


achylic and responsclcss to histamine by resection of the whole 
fundns of the ventricle he was able to effect a very scrions dis- 
placement of the reaction in duodenum by feeding the trisilikntc 
and oxyde in the amounts mentioned. The pH- values in duodenum 
went up to 9. 0—9.5 and under these conditions, when the reac- 
tion in the entire small intestine must have been alkaline, he found 
a considerable decrease of the absorption quotients for Ca and P. 
This is shown in table 2. The absolute supply of Ca and P in the 
compared groups has been very approximately the same. Ho 
addition of fat or of vitamin D has been given to any of the animals. 

Three results appear e^ndently from this table: 

1) The absorption of Ca is significantly depressed by alkaline 
reaction in the intestines but has still considerable dimensions 
except in one pig. 

2) The absorption of P is very seriously decreased and much 
more than the absorption of Ca except in one pig. 

3) The decreasing effect of the alkaline reaction is not uniform 
in all animals, one pig showing a much greater fall of the ab- 
sorption quotients of both Ca and P. 

With respect to absorption of Ca, this means, that under cer- 
tain conditions Ca may be absorbed even with alkaline reaction 
in the intestines under others (pig 21 2 ) the absorption drops to an 
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Kg. 5. Titration curves for calciumphosphate dissolved in phosphoric acid and in 
lactic acid. T. E. means Tyndall effect that is beginning of precipitation. Numbers 
indicate percentages of Ca still in solution. 



0 S 10 15 20,- 25 SO' 35 ■ H5 50 , 35 ,W >5 10 7i 10 

{ mt o5n MaOH ^ 


Fig. 6. Titration curves for calciumphytate dissolved in phosphoric acid and lactic 
acid. T. E. means Tyndall effect. Numbers indicate percentages of Ca still in solu- 
tion. 
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Table 8. 


Absorption of Ca and P, when SO and 4-i ‘A respectively is given 
directly into the intestines. 


Pig 

No. 

Experiment 

No. 

Jlincrals given in 

Ca absorption 
% 

P absorption 
/o 

43 

VIIli 

Duodenum 

24.1 

35. 




20.9 

31.7 

33 


Duodenum 

17.7 

28.3 

43 


Jejunum 

33.9 

41.4 

43 

VIII, 

Ileum 

28.0 

39.7 




27.1 

36.9 

33 

vin, 

Deura 

26.1 

34.1 

43 and 3c 

mean of four 




i experiments 

Mouth 

38.7 

43.0 


unsignificant value. Consequently some animals must contain 
factors promoting Ca absorption with alkaline reaction in their 
intestines while such factors are lacking in other animals. With 
respect to P absorption it means, that an alkaline reaction is more 
liable to depress the absorption of phosphate than that of calcium, 
very probably because the phytase of the food is entirely inactiv- 
ated by a pH of 9, so that the phytic acid passes the small intest- 
ine unaltered. 

Lastly the results in table 2 indicate, that the absorption of Ca 
and P goes parallel under the influence of the factors promoting 
absorption with alkaline reaction. 

The reliability of these conclusions has been sustained by 
experiments of Hagens (194;3). He measured the absorption of 
Ca and P, when a mixture of CaHPOi and CaCOs was introduced 
directly into the intestine of the pig through tubes inserted in 
duodenum, jejunum and ileum. By this way 80 % of the Ca con- 
tents and 44 % of the P contents of the food did not pass the 
ventricle. The results appear on table 3. 

Prom these experiments the following conclusions may be drawn: 

1) The absorption of Ca and phosphate is decreased, when the 
minerals are withdrawn from the ionizing effect of the acid reac- 
tion in the ventricle. 

2) By direct introduction in the intestine, the absorption is 
greatest in jejunum with pH of 5 — 6, but is still considerable in 
ileum wuth pH 6.5 to 7.5. 

Prom the totality of experiments described in this chapter it 
seems justified to conclude, that the absorption of calcium and 
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phospliate is largest wlieri their salts are passing the parts of the 
intestinal canal where they may be ionized to Ca and H 2 P 04 ~, 
hut that a considerable absorption still takes place under such 
conditions of reaction, where these ions cannot exist, that means 
where CaHPi should be precipitated. The intestines must therefore 
contain means effecting Ca and phosphate absorption within 
the higher ranges of pH. 

3. Nature of agents promoting absorption of Ca and P within 
higher ranges of pH. 

In order to be absorbed a substance must be dissolved under 
the conditions prevailing in the intestines. More precisely ex- 
pressed this means that it must be water soluble at the pH the ion 
pressure and the partial concentrations of dissociated and un- 
dissociated compounds existing at each time in the different parts 
of the small intestines. 

If conditions are such, that calcium and phosphate cannot be 
dissolved as the ions Ca and H 2 P 04 “, the possibility of absorp- 
tion seems to depend entirely on the presence in the intestine of 
substances, forming complex calcium and phosphate compounds 
soluble in water under these conditions. In that case two ways of 
absorption are possible: 

1) The soluble complex may be absorbed itself and split by 
enzymic cleavage in the mucosa of the intestine. 

2) The soluble complex may still dissociate calcium and phos- 
phate ions at a rate, corresponding to the absorption velocity of 
these ions, which then may be continuously absorbed, the equilib- 
rium: C ion • C complex former C complex • k being steadily 
readjusted as absorption goes on. 

The first principle is known from the absorption mechanism of 
high molecular fatty acids, but except for glucosephosphate we 
have no evidence of its working in absorption of calcium and 
phosphate. 

Tor the second principle there seems to be good evidence in the 
experiments with oxyacids mentioned in the first chapter of this 
paper. The results Avith tartaric and lactic acid cannot very well 
be explained otherwise than being of this character. Under the 
ordinary conditions of feeding the lactic acid is very probably the 
sole oxyacid formed by enzymatic processes in the intestinal canal, 
but it may be that oxyacids of the type of bile acids, preferably 
the desoxycholanic acid are able to promote absorption of calcium 
and phosphate by forming complex compounds too. It has long 
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been suggested, that tbe bile bas an effect on calcium absorption. 
That this is a fact appears from table i, that contains the prm 
cipal results of experiments carried out by Lund (1945) on pigs 
before and after blocking of the bile duct to the duodenum and 
opening the gall bladder by inserting a tube. 


Tabic 4. 

Absorption quotients before and after blocbins of the bile duct. 

No of 
exp. 


Protein Fat 


Ca 


P Vit. D. added 


Before Hocking 80 58 46 50 2,400 1. |. 

Before blocking 75 65 46 46 1,200 I. L. 

After blocking 77 — 33 36 2,400 I. E. 

After Hocking 78 11 30 39 1,200 I. E. 


12 

8 

3 

9 


4. Nature of the complex calciumphosphate oxyacid compound 
and its behaviour with increasing values of pH. 

From the experiments of Mollgaaed and collaborators on the 
effect of oxyacids it appeared, that these substances increase the 
absorption of Ca and P approximately to the same amounts, 
indicating a parallelism in absorption of these elements. This 
suggests that both calcium and phosphate enter the complex. 

From technical chemistry it is well known, that there exists a 
calcium lactate of the following composition: 

[CafCHaCHOH COO)j] • CH^CHOH COOH 

That one of the two lactate ions directly combined with calcium 
could be replaced by a dihydrophosphate ion forming a soluble 
calciumphospholactate is a probable suggestion. To investigate 
this possibility a great surplus of CaUPO^ was shaken with a 
solution of lactic acid for 4 hours at a temperature of 40°. In- 
creasing time made no difference of results. After filtering the 
contents of Ca, P and lactic acid was determined quantitatively. 
The results of two experiments appears from table 5. 


Table 5. 


Dissolution of CaSPO^ in lactic acid at W, 


Ca 

p 

Lactic acid 

Lactic acid; Ca 

Ca: P in the original 


First 

experiment 

0.277 

0.225 

0.555 

2.00 

phosphate: l.i 


Second 

experiment 

0.293 

0.252 

0.809 

2.08 


g atom pro Liter 
g atom pro liter 
mol pro liter 
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JOH 


Tlio l,ul)!<i nlit)wn iliiU, very upprox’iDiaj.cly J gr/im iiioDi Ca 
diMuolveit in 2 dioI ln(!|,i(( (ic-id »U< ilie eonfjentraliioDH iiid/eatod, Tliiii 
roniili dll)} Jiiirdly he expluinerl muhnph ionis'jDf/ of ilie pl/odpheUi 
l)y l-aldiip; ii)) a liydre/yjn ion at. I.lie mad reael/ion pr<!vailtt)|i; jii l,)ie 
eolul.ion (jdl ea, h), It, in however «piit,e nal/iiridly explained i)y ilie 
folio wi)i// reae.I.ion: 


iiriH), I 20.II,,(JII()II (J{)( Ill- 


da 


yt!,V<h 

' djj.,djio;ii .(j()o 


•OllftdJlOJIOOOil 


Jieeaiiiie ihe relal/ion (j ; J» je n HyJo hit. over J an well jj) ilie original 
plionphal.e, anin l.lninolnl/iojipnnall a)nounl.n of (JaffJIlaf'lIOjJ (JOO)a 
iminl. I)(i prefienl. t.oo, 

;\fl.(!r dilni.ing t.lie nolnl/ion l.o apprr)xiinal.ely l.lie donhle volume 
and nlialfing wil.li Oall I'Oi for arnd-her d, lionrn periotl ihe follov/ing 
eoneenir/t.|/ionn were found; 

da 0, J!);t g atom pro liter 

.1’ 0,100 g niom ])ro liter hnttie n,eid: dac J.Od 

jAieii(5 aeid: 0,ti!)7 mol )iro liter 


In more dilnttnl noliitionn the (piotient da; laetie aeid (tonne," 
ipienl.ly appearn to h(t ‘A:0, whieh niea,nn, that the eoinplex 
ea.leiiimphonpholaeta,te ])a,rl,ially dinnoeJaten jnatording to the 
following reaetion; 


dalllU"h.'} 


(i.n,di 


non doo 


djndjioji dooji 


;i‘o,Vi da(dn„d.non duo)a I II 


(JIJJUIOJKJOO 


(jihojioji: dooi 


Jt in eanily neen, that. the,n<{ (txperinamtn ntrongly niintain the 
idea, that, lae.tit! aeicl in the jntenl.imtn foonn a (!omj)lex eahmitn- 
phon])hola.e,tat(!, and that thin eoinplex niov/ly die,n(a}iaten to 
da. ' ' , ii-iVOi and dJl„d.nOJl dOO“ an the eomaintration of thene 
ionn (han'ttanen at an iqijiroximately (jonntant p'jl valne. 

After thin the hehaviour of the (tomplex with inereaning vnliin/i 
of pn wan in ve.nl, igated in the following way. Jn anointion of laetie 
aeid eonl.aining 0,V laol pro liter wan dinnolve,d O.'dO mol dailJ'fh. 
'rite, amdynen of the nolntion gavts O.'AO.I gram atom da and 0,1100 
gram al,om P, 'I’hin ftointion wan titrated hy a 0,0 molar nolntion 
of Na,On, iJie pjl heing imiatnired at the glann electrode, j'lxaetly 
th'! name (sxperitmitit wan made with the name eoneentration of 
dal! Pf )4 dintatived in phonphorm; aijid irt a eoneentration e(jnivalent 
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to the lactate ion concentration of the first solution, the phosphoric 
acid being considered trivalent. The results of titration appear 
from Eig. 5. 

It appears evident from the curves, that vrhen the calciumphos- 
phate is dissolved in phosphoric acid, the precipitation begins at a 
pH about 3. 7 and is almost complete at pH 5, 0. When however the 
phosphate is dissolved in lactic acid the precipitation begins at 
pH 1.8 and is not completed even at pH 8.7 approximately 12 % 
still being in solution. It is further evident from the flatness of the 
curve, that the release of calcium and phosphate ions goes on v<‘ry 
slowly. These results cannot very well be otherwise explained, 
than that the solution contains a complex, that is completely 
stable until pH 5 and hereafter slowly dissociates as the pH in- 
creases. Consequently the titration curve for the lactic acid solu- 
tion reflects all the theoretical assumptions needed to explain 
the effect of oxyacids, the absorption of calcium and phosphate 
at neutral and alkaline reaction and the parallelims between 
the absorption of these minerals. As furthermore the complex 
is completely stable until pH 6 it appears that the absorption by 
means of complex formation begins just at the reaction, when 
hydrophosphate ions are formed in such amounts, that the ab- 
sorption of both minerals otherwise might be seriously depressed. 
The analyses of the precipitates have shown that until the point 
of neutrality they consist of CaHEO^. 

Similar results were found, when calcium phytate is dissolved 
in phosphoric acid and lactic acid. The titration curves are seen 
on Eig. 6, from which it appears, that the precipitation begins in 
the first case at pH 3.4 in the other at pH 4.1 and that the lactic 
acid solution at pH 5.1 contains 3 times as much Ca as the phos- 
phoric acid solution. At 6.5 the contents are 8 : 1. In this case too 
the curve seems flat enough to permit absorption velocity in the 
intestine to equalize dissociation velocity of the complex. 

Summary. 

1. Strong lactic acid fermentation in the intestines of the pig 
effect an increase of the absorption of calcium and phosphate 
and by that way a superior bone formation. It further promotes 
health and growth of young pigs considerably. 

2. The absorption of calcium and phosphate from the intestine 
takes place partially as a simple absorption of the ions Ca'*"^ 
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and H 2 P 04 “ and partially by tbe intermediate formation of a 
complex calciumpbospbolactate, that is stable until pH 5, but 
with . increasing pH dissociates so slowly, that the absorption 
velocity may be considered equal to the velocity of release of 
Ca++ and H^POr- 

3. Thq bile acids probably exert a similar effect on absorption 
as the lactic acid. 
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For a demonstration of the selective permeability of living 
cells it is, in most cases, necessary to use a microscope. It is, 
however, our purpose here to describe a very simple experiment 
— or rather a series of simple experiments — for which no other 
apparatus than a test-tube is needed. On the same time these 
experiments are very impressive. They are, therefore, adapted 
both to class work, even for beginners, and also to demonstration 
purposes. 

Suspend a teaspoonful of baker’s yeast in about 60 ml. of a 
0.5 — 1 per cent, sodium carbonate solution. Fill a test-tube to 
about with the cell suspension and add an almost equal volume 
of a 0.02 per cent, aqueous solution of neutral red. Mix the con- 
tents of the test-tube thoroughly. Due to the alkaline reaction of 
the suspension fluid the colour of the neutral red turns yellow 
at first, but in the very next moment the reVerse colour change 
begins so that the suspension during the lapse of about one minute 
turns successively orange-red, brick-red, and ultimately pink-red. 
When the la^t-mentioned colour has been reached, it remains 
unchanged, or at least nearly so, for hours and even for days. 
With such a pink coloured cell suspension the following tests 
are made: — (1) One portion of the cell suspension is filtered: 
the yeast is retained as a deeply stained mass on the filter while 
the filtrate shows colourless. — (2) To another portion of the 
suspension, add some 0.01 normal sodium hydroxide or potassium 
hydroxide solution: no colour change occurs. — (3) To a third 
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portion, add some 0.01 normal ammonia solution: the colour of 
the suspension turns yellow at once. — (4) Heat a portion of the 
suspension over the flame of a gas-burner: its colour changes 
yellow. 

If performed on a larger scale, using glass cylinders of 100—200 
ml. capacity, these experiments can be demonstrated also to a 
large audience. 

From these colour changes the following conclusions may he 
drawn: — (a) The brownish-yellow neutral red base obviously 
penetrates very rapidly into the yeast cells, for already after the 
lapse of about one minute the dye is almost entirely accumulated 
in the yeast cells, the volume of which amounts only to about 
1 — 2 per cent, of the total volume of the suspensibn. The great 
penetration power of the dye base is, no doubt, due to its con- 
siderable lipoid solubility (cfr. Collander, Lonbgren and 
Arhimo 1943) while the capacity of the cells to hold back the dye 
taken up by them is explained by the fact that the base, after 
it has entered the cells, is immediately bound by some acid con- 
stituents of the cells as can be seen from the fact that its yellow 
colour changes to pink. (The major part of the dye taken up by 
the cells seems to accumulate in the vacuoles; cfr. Brandt 1941.) 
— (b) The fact that the pink-red colour persists in spite of the 
distinctly alkaline reaction of the extracellular sodium carbonate 
solution shows that the cells, while very permeable to the large 
molecules of the neutral red base, are at the same time practically 
impermeable to the much smaller ions of the sodium carbonate 
solution. As even an addition of dilute sodium hydroxide or 
potassium hydroxide solution has no perceptible effect on the 
colour of the suspension it is clear that the ceDs are highly im- 
pervious also to these substances. — (c) On the other hand, the 
sudden colour change occurring on addition of ammonia proves 
the extremely rapid penetration of this substance. Also alkyl 
monoamines, and many alcaloids too, act in a manner similar to 
ammonia, while alkyl diamines cause but a much slower change 
of the intracellular pH. — (d) The colour change brought about 
by heating the solution shows that the impermeability of the cells 
to the alkali disappears when the cells die. 

Finally it may be pointed out that yeast stained wit neutra 
red yields a favourable material, not only for such cru e ernon 
stration experiments as described above, but also for quan i a ^e 
determinations of the penetration power of different ases. y 
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using n mixing device like iliat described by IlAiiTiunr.K and 
Houghton (1927) even tbe very rapid ])rogreps of llie colo\ir 
changes brought about by the most rapidly ])onolratinig bases 
can be satisfactorily followed. The results arrived at in .such 
quantitative experiments will be described elsewhere. Suffice it. 
here, to say that our observations confirm the older ones of Poi- 
.TAUvr (1928) on other plant cells in that the lipoid solubility is 
found also in this case to be the chief factor determining the 
penetrating power of the different bases while on the other hand 
the smallest base molecules (c.specially those of ammonia and 
methylamine) penetrate so fast that it seems difficult to assume 
that the plasma menibranc of the yeast cells is a homogeneous 
lipoid membrane. At any rate, our experience indicates that, 
the permeability of yeast cells, liitherto so incompletely known 
(cfr. Grskov 1915), agrees at least in principle very closely with 
that of most other plant cells. 
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Although there is fair evidence, that increased action of the 
sympathetic nervous system can explain some of the manifesta- 
tions in coronary, hypertensive and peripheral vascular disease 
yet very little (except for surgical interventions) has been done 
in the way of specific treatment thereof. This is apparently due 
to the fact, that the drugs with sympatholytic action (for example 
ergotamine) in therapeutic doses exert an influence Avhich is 
not always predictable and is often accompanied by unpleasant 
or even toxic manifestations. In man, for example, there may be 
at the same time an inhibitory effect on the sympathetic, while 
the direct action of the drug on the smooth muscles of the vessels 
may cause vascular constriction. 

When therefore it was reported by Nickerson and Goodman 
(1946) that a new sympatholytic drug had been synthesized, which 
was claimed to exert a more lasting effect than ergotamine, it 
was obvious that an investigation should be made of its applica- 
bility in man in the treatment of those conditions where an in- 
hibition of the excitatory sympathetic activity would be desirable. 

The Astra Company, Sodertalje, Sweden, was kind enough to 
synthesize the dibenzyl-/9-chloroethylamine-HCI for the purpose 
of such an investigation. The compound in question has the 
following chemical formula and properties: 

/ \nTT 

^ ’>lf.OHs.CH,Cl.HCl. C.,H„NCl.Ha, a white, crystal- 

> ✓ 



AGTIOI? OF DIBES7A'L-(^-CHL0R0ETIIYI. AMINE. 

line powder with a molecular weight of 295, melting point 
190° C, easily soluble in water and alcohol. (An arjucous solu- 
tion has been used in this study.) 

Comparison with “Dibenamine”, manufactured by the Givau- 
dan-Delawanna Company, New York, N. Y,, used in the above 
mentioned report and kindly put at my disposal l)y Doctor 
Mark Nickerson, has shown, that the preparations are chem- 
ically identical. 

The experimental studies have been planned from the point of view 
of clinical trials later on. They have, accordingly, comprised investig- 
ations concerning the effect on blood pressure, re-spiration and heart 
action (ECC) in the anesthetized animal (cat, rabbit), the development 
of anaph5daxis (rabbit, guinea-pig) and the eventual toxic actions on 
heart, liver, kidney and brain (tat, rabbit) when given repeatedly. 
Also the effect on metabolism (rat) and the ability of the drug to 
prevent a fatal outcome after a lethal dose of adrenaline subcutancou.sly 
(rat) were investigated. 

The results of these experiments have not been encouraging 
enough to prompt a clinical trial as yet, although it is known 
that such an investigation is being carried out in the U. S. A. 
The compound, however, may prove quite useful for purposes 
in connection with animal experimentation, and the results 
encountered during this study are therefore being reported. 

I. Anaphylaxis and histo-toxic reactions in tlie course of re- 
peated administration of dibenzyl-^-chloroethylamine. 

A. Anaphylaxis. Experiments with 3 rabbits and 2 guinea- 
pigs, all of which got at least 5 injections each of 20 mg dibenzyl- 
^-chloroethylamine (or more) in the course of one to two months 
did not reveal any sign of anaphylactic reaction.^ The injections 
were given intramuscularly in the thigh. None of the animals 
showed any local tissue reaction or general reaction immediately 
or later on. The guinea-pigs showed normal increase in body 
weight during the time of observation. It is therefore concluded 
that the substance has not shown any tendency to induce ana- 
phylactic reactions in the rabbit or the guinea-pig. Later studies 
on rabbits and rats have confirmed this observation. 

B. Histo-toxic reactions. Four rats and two rabbits were in- 
jected dail y with increasing doses of dibenzyl-^-chloroethyl- 
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amine for between one and two and a half months. Control animals 
were studied together with the injected ones. All the injections 
were given intramuscularly in the thigh mth the exceptions of 
intravenous doses of 8 mg/kg for the first five days in the rabbits 
and 50 mg/kg in one of the rats following two months of intra- 
muscular injections. 

The intravenous injections in the ears of the rabbits had to be 
discontinued on account of local trombosis. No local damage 
was noted from the intramuscular injections. The rat, which got 
intravenous injections, died after one week in convulsions, five 
minutes after an injection. One of the rabbits died from cocci- 
diosis after months. 

The rabbits received for the first 5 weeks 15 mg/kg daily and 
later on 50 mg/kg daily. The four rats were given for the first 
5 weeks respectively, 5, 12, 20 and 40 mg/kg daily. The rat which 
received 40 mg/kg was killed after the 5 weeks, and, as.no patho- 
logical tissue changes were seen, the doses for the other rats were 
increased to respectively 60 and 200 mg/kg. In one of these latter 
rats- intravenous injections of 50 mg/kg were given for some 
days, as mentioned above. In none of the animals, which died 
spontaneously or were killed, were any microscopic changes^ 
seen in the brain, heart, liver or kidney (apart from coccidiosis 
in one rabbit). All the animals showed a normal weight or even 
increase of weight during the experiment. It seems therefore safe 
to conclude that the administration of dibenzyl-/?-chloroethyl- 
amine even in massive doses intramuscularly for a long time does 
not cause organic damage to the brain, heart, liver or kidney 
in the rabbit or rat. 

II. Effect on blood pressure, respiration, heart action and 
response to adrenergic stimuli in the anesthetized animal. 

13 experiments on rabbits and 18 on cats have been performed in 
order to study the effect on the blood pressure, respiration, heart ac- 
tion and response to adrenergic stimuli in anesthetized animals after 
injection of dibenzyl-/9-chloroetbylamme. The blood pressure was 
recorded by means of a Hg-manometer connected with a cannula in 
the left carotid artery and the intravenous injections were made in one 
of the femoral veins. The respiration was studied in some experiments 
by means of the body plethysmograph designed by von Euler and 
Liljestband (1936). The heart action was registered by an electro- 

^ Med. Dr. D. Wahloeen has kindly performed the microscopical examination 
of the organs. 
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cardiograph, “Elmqvist Junior”, kindly placed at my disposal by The 
Jiihrns Electrical Co. The animals either breathed ordinary air or were 
given gas mixtures from bags connected with Muller valves. 

The paper by Nickerson and Goodman (194:6) regarding the 
physiological properties of the dibenzyl-/3-chloroethylamine com- 
pounds points out that the preparations have been found to block 
and reverse excitatory adrenergic responses in mice, rats, rabbits, 
cats, dogs and humans. They are said to be effective by- all routes, 
although local necrosis may result from subcutaneous and intra- 
peritoneal administration. In a personal communication Nicker- 
son has later admitted that reversal of adrenergic response is not 
demonstrated in rabbits. 

Both intravenous and intramuscular injections have been used 
in the present investigation. Intramuscular injections of 20 mg/kg 
up to 100 mg/kg of a fresh solution of equal amounts of dibenzyl- 
/9-chloroethylamine-hydrochloride (20 mg/ml) and Ringer’s solu- 
tion in cats have as a rule shown no significant effects on blood 
pressure or the response to adrenergic stimuli such as carotid 
sinus occlusion or injection of adrenaline within 1 — N/a hours. 
More striking effects were obtained with “Dibenamine” in alco- 


The effect on blood pressure of slowly performed intravenous injection of 

dibenzyl-/9-chIoroethylamine. Cat, chloralose anesthesia. 

A. The effect of carotid sinus occlusion in the animal before the experiment. 
The arrows denote clamping of the carotid artery and release of the clamp. 
Time marking, half minutes. 

B. The effect of breathing a gas mixture containing 7.1 % oxygen. The arrows 
denote the beginning and the end of such breathing. 

C. The effect of intravenous injection of 1 ml adrenaline 1: 40,000. The arrow 
shows the beginning of the injection. The scale shows the pressure in mm. Hg. 

D. Injection of dibenzyl- /d-chloroethylamine, 10 mg/kg slowly intravenously. 
Arrows denote beginning and end of the injection. 

E. The effect of carotid sinus occlusion 20 minutes after the injection. Arrows as 
in A. 

E. The effect of breathing the oxygen-poor gas, 18 minutes after the injection. 
Arrows as in B. 

G. Intravenous injection of Vz mg- of KCN 40 minutes after the injection of 
dibenzyl-/?-chloroethylamine. The first arrow denotes the injection of KCN, 
the second and third respectively clamping of the carotid artery and the 
release of the clamp. 

H. Injection of 1 ml of adrenaline 1 : 40,000 intravenously 30 minutes after the 
injection of difaenzyl-/?-chioroethylamine. The arrow shows the beginning of 
the injection. 

J. The effect of intravenous iniection of posterior pituitary hormone (Hj’padrin, 
Astra 1 cc. = 10 I. E.). The first arrow denotes that injection. At the second 
arrow 1 ml. of adrenaline was injected with a resulting fall in blood pressure. 

K. The effect of intravenous injection of 0.25 mg. of ergotamine (Gyner^n, 
Sandoz) 45 minutes after the injection of dibenzyl-/d-chloroethylamine. The 
first arrow denotes the injection of ergotamine, the second and third respectively 
clamping of the carotid artery and the release of the clamp. 





Fig. 2. 

ElectTOcartHogram (lead I) showing the effect on heart rate and other Ranges 
on the rapid injection of 1 ml. (8 mg/kg) of dibcnzyl-^'chloroothylnmino. Rabbit, 
urethane anesthesia. Upper curve: the change occurring immediately on the in* 
jection. The folloudng curves show the sequence of events from about the third 
second to the fifteenth second. Time marking: '/jj, second between two thick lines. 

liolic solution. It is tlaeteiore possilile tliat tlie preparation is more 
stable and eiiective in alcoholic solution. 

Intravenous injections have revealed a peculiar behaviour of 
the compound. Whereas injections, performed slowly, are some- 
times accompanied by a slight increase in blood pressure, rapid 
injections of moderate doses invariably result in an immediate 
fall in blood pressure for Vr— 1 minute, after which time the blood 
pressure returns to its former level or may rise even higher. The 
former injections if the amount of the compound is sufficient 
after the course of some 5 — 20 minutes result in blocking of 
tbe response to excitatory adrenergic stimuli. The latter injections 
as a rule do not have this effect. It seems therefore justifiable 
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to report first on the immediate affect of rapid intravenous in- 
jection of dibenzyl- /3-chloroethylamine and secondly on the effects 
of slowly performed injections. 

A. Rapid injection. 

Small doses, such as 5 — 10 mg/kg often cause a rise in blood 
pressure. Larger doses, such as 10 — 20 mg/kg always give a 
rapid fall in blood pressure, generally in proportion to the dose 
used. Doses of about 20 mg/kg are usually lethal, although the 
animal can in some instances be rescussitated by means of large 
doses of adrenaline intravenously. Doses of 25 mg/kg or more 
seem to be invariably lethal in spite of all efforts to rescussitate 
the animal. It has in some instances been noted, that even smaller 
doses may prove fatal when given at the peak of the reaction 
following intravenous adrenaline. This may perhaps be due to a 
direct effect upon the heart, sensitized by the adrenaline. 

The effect on blood pressure is usually of short duration and the 
initial pressure is usually reached or even exceeded in one minute. 
Blocking or even reversal of the response to adrenergic stimuli 
such as injection of adrenaline, occlusion of the carotid arteries 
or asphyxiation has in some few instances been observed when 
applied during the phase of the fall in blood pressure. A short 
while afterwards, however, adrenergic stimuli have generally re- 
sulted in significant elevations of blood pressure. In some few 
instances there was a quantitative reduction of the response, 
particularly to carotid sinus occlusion. No summation of effects 
has been demonstrated as long as the individual doses were kept 
within the above limits. 

Higher, non-fatal doses are often accompanied by convulsions, 
both tonic and clonic in character. The intravenous injection 
in both anesthetized and non-anesthetized animals was ac- 
companied by a short period of apnoea, followed immediately 
by hyperventilation as the fall in blood pressure ceased. Electro- 
cardiograms in connection with the experiments show, that the 
rapid injection is accompanied by a pronounced decrease in heart 
rate (Fig. 2). At the same time there may be a broadening of the 
QRS complexes and they assume the picture of a bimdle branch 
block. Higher doses may be followed by further changes such as 
complete heart block and asystole. The decrease in heart rate is 
often combined with electrocardiographic signs of coronary in- 
sufficiency, possibly caused by the decrease in the venous return 



of tUe sTHipatietio nelvouB mflMce. 

B. Slow injecUon. 

Before injection the solution of dibenzyl- P-cWoroethykmmc- 
hylochloxide (20 mg/ml) was diluted with an equal “t ^ 
Roger’s solution. The injection into the femoral vein was usually 
nerformed in one or two mmutes. With this tecbmque even smal 
doses such as 3.5--4 mg/kg could in some of the e^ernnents 
both in cat and in rabbit produce a sigmficant blocking oUhe 
influence on blood pressure of adrenergic stimuli. The injection 
itself is often accompanied by a slight increase in blood pressure 
(Fig. 1 d). The sympatholytic effect may start in tho course of 
few minutes and has usually reached its maximum intensity 
after 15—30 minutes. It seems as if the effect of such small doses 
only persists for about oue hour, whereas the effect of larger 
doses persists for a longer time. In one experiment, where the cat 
was given 15 mg/kg continuous blood pressure recordings revealed 
an unimpaired effect for at least hours, after which the ex- 
periment had to he discontinued. Nickerson and 6 oodi.lvk 
( 1916) report effects lasting over 2—3 days. Some few animals 
however have been very resistant to the drug and required larger 
doses with a longer latent period before any> effect was observed. 

The blocking effect has been studied by means of the carotid 
sinus occlusion test (Fig. 1 A), by breathing a gas mixture uith 
7.1 % oxygen in nitrogen (Fig. 1 B) and by injection of adrenaline 
(Fig. 1 C). The oxygen deficiency test has been least useful, be- 
cause with the use of 7.1 % oxygen in nitrogen the general condi- 
tion of the ammal and particularly of the heart action after the 
injection of dihenzyl-^-chloroethylamine have been so impaired 
that valid conclusions could not always be drawn After the in 
,ect,on of dib^pl-Mloroethylan^J 

0,^0 response to carotid si„„a L ab Soffit 

corresponding fall (Eg I J nr .„j f, by a 

.Iso rented in no rt » e™! M i 

The carotid occlusion test i! 1 H). 

earliest indication of the sympatSbr? 

ii»e test gave in rabbits n^^S ( ad«na- 
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which, was, however, generally the case in cats. The magnitude of 
the fall in blood pressure hore little relation to the dose of adren- 
aline used, while the duration of the effect was on the contrary 
roughly proportional to the adrenaline dosage. The "reversal” 
was accompanied by an increase in heart rate. A reversal was also 
encountered by intravenous injections of benzedrine (pheno- 
promine), which shows that the effect of dibenzyl-j3-chloroethyl- 
amine is not of the same kind as that of ergotamine, where there 
is no such reversal. 

In the experiments with low doses of dihenzyl-^-chloroethyl- 
amine there was some evidence, that large amounts of adren- 
aline were able to overcome and destroy the blocking effect, 
whereafter smaller doses could again manifest their normal ex- 
citatory effect. 

The electrocardiograms have revealed less striking features 
than in the series with rapid injection. The heart rate is much 
less influenced by the slow injection. The decrease in heart rate 
is probably not due to the fall in blood pressure as a moderate 
slowing of the heart is seen together with even an elevation of 
blood pressure during the injection. Immediately following the 
injection there are often observed signs of coronary insufficiency, 
and in the final stages bundle branch block and bradycardia may 
develop. In many of the blood pressure curves it is observed that 
the amplitude of the blood pressure is diminished for some time 
after the injection of dibenzyl-/?-chloroethylamine. This may be 
another expression of impaired heart function caused by the 
injection. 

The effect of some other drugs in connection mth the use of 
dibenzyl-jS-chloroethylamine has also been investigated. Intra- 
venous injection of posterior pituitary hormone during the period 
of maximal blocking effect of the dibenzyl- /3-chloroethylamine 
resulted promptly in a marked increase in blood pressure (Tig. 
1 J). This long-lasting elevation of blood pressure could however 
be interrupted at any time by the reversal caused by injection 
of adrenaline (Tig. 1 J). Intravenous injections of Vi — 
amine (Secatotal Astra, Gynergen Sandoz) also maintained a 
moderate stimulating effect on blood pressure at the height of 
the sympatheticolytic action of the dibenzyl- /?-chloroethyl com- 
pound. (Tig. 1 K.) 
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III. Prevention of lethal effects from an overdose of adrenaline. 

In the paper by Nickerson, Smith and Goodman (19I;6) it is 
stated that dibenzyl- j?-chloroethylamine HCl affords a consider- 
able protection to epinephrine induced cardiac irregularities in 
dogs sensitized by cyclopropane. This would also be reason- 
able with regard to the sympatheticolytic action of the com- 
pound. A study was therefore performed to investigate, whether 
the previous injection of dibenzyl-jS-chloroethylaminc in rats 
would afford any protection against the injection of lethal doses 
of adrenaline subcutaneously. It has been stated by Nickerson 
and Goodman (1946) that the compound is effective also in this 
species. 

Seven white rats weighing betw'een HO — 170 g. were injected 
subcutaneously wuth 2.5 cc. adrenaline of a 1 % solution (roughly 
corresponding to 15 mg/kg adrenaline). All of them died from 
70 — 246 minutes after the injection, the average being 150 min- 
utes. 

Nine other w'hite rats of the same size were injected first with 
10 mg/kg of dibenzyl-|3'chloroethylamine and then, after 3 — 4 — 1/S 
hour with 2^2 cc. of the same solution of adrenaline. Three of the 
rats had the dibenzyl-/3-chloroethylamine injected intramuscularly, 
the other six intravenously. One of the rats, which had got the 
intramuscular injection survived, the other two both died after 
45 minutes. None of the intravenously injected rats survived. 
They died from 60 — 120 minutes after the injection, the average 
being 136 minutes. There w'as no difference in behaviour between 
the "protected” and “unprotected” rats and they probably all 
died an "acute heart death”. 

In another experiment with an anesthetized cat electrocardio- 
grams were taken during the increase in blood pressure due to 
intravenous injection of adrenaline and during the fall of blood 
pressure after such an injection when the animal had previously 
been treated with dibenzyl-)3-chloroethylamine. Regardless of the 
direction of the change in blood pressure there was in both in- 
stances a moderate augmentation of the heart rate. Smaller 
changes in the QRS were however observed in the latter case 
than in the former. However, there is no evidence from the above 
mentioned experiments that, with the doses used, dibenzyl-/S- 
chloroethylamine in rats affords any protection against the 
lethal effect (presumably on the heart function) of large doses of 
adrenaline. 
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Discussion. 

These experiments have shown, that dibeixzyl-j3-chloroethyl- 
amine is a potent drug acting on the blood pressure mechanism 
in anesthetized cats and rabbits. Changes in the heart rate and in 
the electrocardiogram have been noted following administration 
of the drug and there is also a short period of apnoea at the be- 
ginning of intravenous injections, later followed by hyperventila- 
tion. With increased dosage clonic and tonic convulsions are noted. 
Prolonged administration of the drug intramuscularly in rabbits, 
guinea pigs and rats has caused no demonstrable damage to brain, 
heart, liver and kidneys, nor has it caused any signs of anaphyl- 
axis. The mode and rate of administration are important. The 
effect of intramuscular injections seems to be favoured when 
alcoholic stock solutions are used. Rapid intravenous injections 
result in an instantaneous drop of blood pressure lasting about 
one minute not followed by any long-lasting blocking of excita- 
tory adrenergic responses. Slowly given injections, on the other 
hand, may even cause an increase in blood pressure during the 
injection, and they result in a blocking of the excitatory adre- 
nergic responses which lasts for many hours. Thus the carotid 
occlusion test shows a loss of the normal pressor response, breath- 
ing of air with low oxygen tension causes a fall in blood pressure 
instead of an elevation (cat) and injection of adrenaline also brings 
about a marked fall in blood pressure, "adrenaline reversal” (cat). 
In rabbits there is no "reversal”, but the response to anoxemia 
and adrenaline is almost completely blocked. Posterior pituitary 
hormone (“Hypadrin”, Astra) and ergotamine (“Gynergen”, 
Sandoz and "Secatotal”, Astra), however, give rise to a marked 
pressor response when injected intravenously after previous treat- 
ment of the animal with dibenzyl-/3-chloroethylamine in doses 
sufficient to elicit a typical adrenaline reversal effect (in the cat). 

The action of the drug on adrenergic inhibitor responses has not 
been studied in the present investigation. It is, however, reported 
by Nickerson and Goodman (1946) that the blocking effect is 
restricted to the adrenergic excitatory manifestations, whereas 
inhibitory responses to adrenaline are not affected. This suggests 
that the drug acts distally in the chain of events, between the 
adrenaline or the sympathin liberated at the end-organs and the 
contractile substance itself. 

Rapid injections are followe'd in most cases by transient brady- 
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cardia and sometimes by broadening of the QES-compIexes, 
bundle branch block and complete heart block. Signs of coronary 
insufficiency are also frequently noted. This may be due either 
to the unopposed action of the vagus nerve during the momentary 
paralysis of the sympathetic or to the fall in blood prcssuic and 
decrease of the venous return or to a direct effect on the heart 
muscle. During slow injections very few changes in the ECG 
take place, although a slight decrease in heart rate is usually 
seen, even when the blood pressure is elevated. The reversal of 
blood pressure by adrenaline is not followed by a corresponding 
slowing of the heart rate, on the contrary, there is an increase. 
It seems that the action of adrenaline on the heart, as shown by 
the heart rate, is mediated in a different manner from its action 
on the rest of the circulatory system; possibly it reflects a differ- 
ence between heart muscle and smooth muscle. 

Summary. 

In order to investigate the therapeutic possibilities in clinical 
conditions with increased sympathetic tone or adrenergic dis- 
charge experimental studies have been performed on the action 
of a new sympatholytic agent, dibenzyl- j5-chloroethylamine. The 
drug is especially effective in eliciting a long-lasting blocking of 
adrenergic excitatory impulses when, given by slow intravenous 
injection. Rapid injection even of moderate doses may however 
prove fatal. No toxic effects on brain, heart, liver or kidney has 
been observed ^vith daily intramuscular injections given over 
several months. Despite possible unpleasant side-effects (tissue 
necrosis, cerebral irritation) it may by worth a clinical trial in 
selected eases. 

This study has been aided by a grant from The Astra Company, 
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In the course of the experiments with dibenzyl- /3-chloroethyl- 
amine (Biorck 1947) it was recognized that there might be an 
inhibitory influence on metabolism if the drug in question had the 
sympatholytic properties described by Nickerson and Goodman 
(1946). If there were a blocking of stimuli, which excite the sympa- 
thetic nervous system, it might be expected that the influence 
on metabolism of such stimuli would also be blocked. It is known 
that in animals deprived of their symphato-adrenal system the 
basal metabolism is reduced about 10 per cent. In a series of 
experiments which we have performed in order to investigate 
the eventual effect of dibenzyl-^-chloroethylamine on metabolism, 
we have obtained results, which indicate that intraniuscular 
injection of the compound depresses the metabolism in rats. 
Nickerson and Goodman (1946) report that dibenzyl-/3-chloro- 
ethylamine is effective by all routes, and they state that excitatory 
adrenergic responses are blocked and reversed in mice, rats, 
rabbits, cats, dogs and humans. One of us has shown in an earlier 
paper that in cats and rabbits slow intravenous injection of the 
aqueous solution blocks the adrenergic influence on blood pressure 
whereas with intramuscular injection less effect is seen. We have 
not investigated these changes in rats. We have, however, found 
a decrease in the metabolic rate following intramuscular injection 
suggesting a degree of sympatho-adrenal block. 
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Method. 

We have studied the oxygen consumption of rats and their RQ before 
and after injection of the drug. The method u.sed was similar to the one 
described by Benedict (1909) with the modifications for the purpose 
of animal experimentation introduced by E. Abramson. The principles 
of such an apparatus were recently described in this journal (Christen- 
sen 1946). 

We have used 5 adult rats and 5 immature rats. They all received a 
special diet which gives a value of the RQ of 0.859 and they had free 
access to food. The rats were weighed before each experiment. A series 
of control experiments were first performed, when the rats were in- 
jected with one ml. normal saline and after that a series in which they 
were injected with dibenzyl-)3-chloroethylamine intramuscularly. 30 
mg/kg bodyweight was given, diluted wdth saline to a total volume of 
one ml. The injections were given one hour before the experiment 
started. The length of the experiment was in all cases one hour. As 
far as possible the controls and the actual experiments were performed 
at the same time in relation to meals, though some irregularities in the 
results may be caused by the difficulty in achieving this. 


Table I. 


Animnl 

Os consumed, 
ml. 

CO, given off, 
ml. 

RQ 

0,-ccmsump./gr 

weight 

Control 

Ex- 

perim. 

Control 

Ex- 

perim. 

Control 

Ex. 

perim. 

Control 

Ex. 

porim. 

116G5A... 

407 

390 

369 

321 



l.OC 

1.01 

11768 B... 

407 

350 

339 

453 

0.832 

1.359 

1.05 

0.91 

11534 D... 

498 

327 

448 

360 

HIBtljljHj 

1.102 

1.32 

0.02 

11810 C... 

471 

382 

372 

372 




0.88 

11746 0... 

460 

337 

388 

427 

0.812 

1.2G7 

1.14 

0.83 

12764 B... 

298 

278 

251 

252 

0.842 

■im i m 

1.18 

1.07 

12617 B... 

360 

237 

300 

249 

0.833 

Bhi ! m 

1.30 

0.95 

12753 A. . . 

278 

274 

230 

257 

0.827 

■IJV ; m 

1.00 

1.02 

12728 E... 

329 

329 

265 

284 

0.805 

0.8C3 

1.17 

l.ic 

12760 E... 

415 

286 

345 

365 

0.831 

0.94O 

1.3G 

1.21 


Results. 

The table shows that the oxygen consumption diminished in 
relation to the controls when the rats were injected with dibenzyl-)?- 
chloroethylamine. Only one animal showed the same value before 
and after injection. The COrOutput increased in five animals, 
decreased in three and was unaltered in two animals. The RQ 
increased in nine animals and decreased in one. Calculated per 
gram bodyweight, the oxygen consumption decreased after the 
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injection in all animals. The high RQ values in some of the cases 
may be due to respiratory stimulation. 

Discussion. 

It appears from the above experiments, that injection of di- 
benzyl-|d-chloroethylamine intramuscularly in rats is followed by 
a decrease in oxygen consumption in comparison with the oxygen 
consumption after injection of an equal volume of normal saline. 

This might be due to a blocking effect on the excitatory adren- 
ergic responses or to some effect on cerebral centers by the di- 
benzyl- /?-chloroethylamine. It should, however, be born in mind 
that recent investigations by Selye have led him to the conclusion, 
that the so-called “alarm reaction” in response to drugs, surgical 
interventions etc. causes a decrease of the metabolism during the 
“shock phase”. Although there have been no indications that the 
injected animals in this series have felt any discomfort after the 
injections, this explanation cannot be altogether excluded. 

Summary. 

Intramuscular injections of dibenzyl-^-chloroethylamine in ten 
white rats caused a decrease of oxygen consumption during the 
second hour after the injection in comparison with the oxygen 
consumption after intramuscular injection of normal saline. The 
significance of the observation is discussed. 
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When, about ten years ago methods were found for the deter- 
mination of the prothrombin content of the blood, interest was 
chiefly directed towards the lack of prothrombin in K-avitaminosis, 
It was, however, soon realized that affections of the liver alone 
might cause a deficiency in prothrombin without a co-existing 
lack of vitamin El. This discovery implied that the liver contrib- 
uted towards the formation of the prothrombin, which has also 
been corroborated by experimental investigations. Warner, 
Brinkhous and Smith (1936) thus shov-'ed that, under the 
influence of chloroform, impairment of the liver parenchyma causes 
a fall in prothrombin. Warner (1938) and Warren and Rhoads 
(1939) also found a fall in prothrombin in experimental animals 
following partial and total hepatectomy, respectively. 

The first report on the occurrence of K-avitaminotic deficiency 
of prothrombin in sprue appeared in 1939 (Engel; Butt, Snell 
and Oesterberg as well as Hult). The cause was a defective 
absorption of the fat soluble vitamin K from the intestine. Later 
Roller, among others, has shown that R-avitaminosis may also 
occur in symptomatic steatorrhoea to the same extent as in the 
idiopathic steatorrhoeas. In affections of the pancreas lack of 
prothrombin may therefore be expected to occur as a consequence 
of a R-avitaminosis caused by pancreatogenic steatorrhoea. 
Sprout and Sanders (1912) furthermore have found a distinctly 
decreased content of vitamin R in the liver after pancreatectomy 
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Table 1. 

Fasting bhod-sugar after Crecelius -Seifert in mg 


Days after 
operation 

Dog nr 1 

Dog nr 2 

Bog nr 5 

Dog nr 6 

1 

259 

259 

262 

262 



230 

235 

230 

260 

3- 

362 

279 

242 

251 

4 

400 

270 

255 

269 

5 

35 

329 

230 

261 

6 

301 

349 

270 


7 

221 

271 

397 


8 

124 

175 

220 


9 

69 

263 

253 


10 

220 

330 

153 


11 

151 

182 

28 


12 

126 

158 

253 


13 

81 

30 

191 


14 

270 

122 

169 


15 

211 

100 

— 


16 

97 

82 

150 


17 

— 

— 

180 


18 

105 

125 

355 


19 

315 

308 

296 


20 

240 

340 

319 


21 

229 

400 



22 

315 

165 




in cats. Begtrup (1947) has recently published a case of prothrom- 
bin deficiency in a patient with an affection of the pancreas. 
Here, however, the deficiency of prothrombin was not affected 
by parenteral administration of vitamin K. Hence, no K-avita- 
minosis existed and the possibility had to be allowed for that in 
some way or other the pancreas is necessary for the formation of 
prothrombin in the organism. In order to examine this question 
it was decided to remove the pancreas experimentally on dogs and 
then follow the prothrombin-level in the blood. 

For these experiments six dogs have been used. On four of them 
total pancreatectomy was performed, one was used as control without 
being operated on, and one was used as standard for the prothrombin 
determinations. The pancreatectomy has been performed under gui- 
dance of the classic experiments by Mebxng and Minkowsky. The 
operations have lasted about two hours, and the animals have been 
anesthetized with ether. Ether-anesthesia is stated to be without in- 
fluence on the prothrombin level of the blood, provided that jaundice 
is not present (Stewart, Roueke and Allen). Immediately after the 
operations 50,000 units of penicillin have been administered to the 
animals in order to prevent infections. The postoperative course has 
been without complications except in the case of dog Nr 4, which died 
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Prothrombin percent after pancreatectomy in doge. (Dog nr 4 as control ■without 

operation.) 

on the sixth day after operation from an embolism in the left pulmonary 
artery. 

During the -whole of the experimental period the dogs have been 
fed on “black bread” (rye), "liver paste” and half a liter milk daily. 

The blood-sugar has been determined -with the method of Crecelius- 
Seifert. The determinations have been entered in Table 1. In the pan- 
createctomised dogs the fasting blood-sugar was somewhat high con- 
sidering that the fasting blood-sugar of normal dogs is about 30 mg%. 
Insulin has been given postoperatively in the form of Insulin retard 
“Leo”. The daily doses have been 20 — 50 International units. Post- 
operatively the urine of the dogs always on examination contained 
sugar, but never ketone-bodies. 

The operated dogs have at no time presented jaundice neither has 
their urine been coloured by bile. At the termination of the experiments 
biopsy of the liver has been performed and it has been ascertained that 
the pancreas had been removed completely. 

Blood for the prothrombin determinations has been taken by 
venipuncture, and the determinations have been made according 
to the method of Thobdarson (1941), Thordaeson, Begtrup 
and Hansen (1943). The results are stated in Figure 1. 

From figure 1 it appears, that the prothrombin values show an 
uncertain decrease immediately after the operation. About the 
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3rd — Stli day an equally uncertain remission appears; but there- 
after a fall. in prothrombin is seen, the level coming down to de- 
finitely subnormal values. Towards the end of the experiments 
a rise is again observed in two of the surviving dogs. Even if at 
this point vitamin K is administered to the animals (an account 
of which will be given later), this increase seems to be spontaneous. 
Dog nr 6, which died on the sixth day after operation, showed 
an evenly progressive fall in the prothrombin ' values. 

The fall in the prothrombin values after pancreatectomy is 
moderate. It moreover lasts at least a week before definitely sub- 
normal values are seen. In cases of experimental partial or total 
removal of the liver the prothrombin-fall, which was very pro- 
nounced, occurred already in the course of 6 — 24 hours (Warner, 
Warren and Rhoads). If also the fact is taken in consideration, 
that prothrombin supplied by transfusion quickly disappears 
from the blood-stream, it appears that a formation of prothrombin 
must still take place in the animals after pancreatectomy. The 
pancreas is therefore not essential- to the formation of prothrombin 
in the organism. 

The experiments show, however, an uncontestable fall in the 
prothrombin values. In order to show, that this fall is not due to a 
K-avitaminosis caused by diminished absorption of vitamin K 
owing to steatorrhoea, a water soluble synthetic vitamin K-pre- 
paration has been administered to the dogs, partly perorally and 
partly parenterally. The preparation used was K- Vital “Leo” 
(Methyl-1,4 naphtoquinonebisulphite), in which 1 mg corresponds 
to about 20,000 — 25,000 Dam units. The doses and results are 
stated in table 2. 

Table 2. 

Prothombin percent in pancreatectomised dogs before and after admi- 
nistration of a -water-soluble vitamin K preparation. 


m 

Prothrombin 

o/ 

/o 

mg K- Vital 

Prothrombin 
% 24 hours 
after I 

1 

33 

1 

46 

1 

65 

10 

54 

1 

85 

5 

100 

1 

84 

20 

102 

2 

83 

1 

84 

2 

84 

10 

102 

5 

53 

1 

54 

5 

58 

5 ■ 

69 

5 

66 

20 

66 
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In tlie examined cases the results exclude that the low pro- 
thrombin-level is due to a K-avitaminosis. It can, however, not 
be excluded, that the large doses of K-Vital have influenced the 
course of the curves, but the rea,ction to the administration of the 
vitamin IC-preparation are so little pronounced, that the effect 
definitely differs from that seen in cases of K-avitaminosis. 

In the present experiments a vitamin K resistant lack of pro- 
thrombin has thus been found just as in the clinical case of pan- 
creas-disease which occasioned the experiments. In the clinical 
case no trace of liver-disease had been ascertained. At the termina- 
tion of the experiments microscopy of the liver from the dogs 
was performed by Dr. med. Viggo Eskelund. Staining Avith 
hematoxylin-eosin showed a total lack of inflammatory changes, 
and fat staining with siidan showed the following changes; 

Dog Nr 1; Considerable diffuse fatty infiltration more pro- 
nounced peripherally than centrally. 

Dog Nr 2: Slight fatty infiltration, yet distinctly more than 
normal. 

Dog Nr 5; Rather pronounced diffuse fatty infiltration. 

Dog Nt 6; Slight diffuse fatty infiltration. 

In all the pancreatectomised dogs a more or less pronounced 
fatty infiltration was thus found. Hence it appears, that the liver 
has shoAvn signs of steatosis in accordance with previous findings 
in pancreatectomised experimental animals (among others Mont- 
GOMEEY, Entejian, Chaikofe; and Nelson, Enteman, Chaikoff 
and Montgomeey). The liver has thus not been absolutely normal, 
and it is frohable, that both, fancreaiectomy and certain diseases of 
the fancreas in which the funclio7i of the gland ceases may influence 
the liver in such a way, that its frothromhin-forming capacity is 
more or less reduced. That certain signs of impairments of the liver 
have not been found in patients with pancreas-disease does not 
mean that the liver’s prothrombin-forming capacity has been 
intact. 

Boegsteom has assumed, that transmission of trypsin to the 
blood in acute pancreas-affections is the cause of low prothrombin 
values in these diseases. It is possible, that this explanation is 
correct in certain pancreas-affections; but the experiments with 
pancreatectomy on dogs just described show that lack of pancreas- 
function — whether due to lack of external or internal secretion 
is able in other ways to compromise the formation of pro- 
thrombin, presumably by influencing the liver. This possibility 

13 — il2161 . Acta phys . Sca7idinav . Vol . Ih . 
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must therefore also be taken into consideration in clinical cases 
of prothrombin deficiency in pancreas-disease. 

Conclusion. 

1) The pancreas is not essential for the formation of pro- 
thrombin. 

2) Pancreatectomy in dogs leads to a fall in the prothrombin 
values of the blood, presumably by compromising the prothrombin- 
forming capacity of the liver. 
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Protein Metabolism of Tissue Cells in Titro. 

6. The Accessory Growth Substances. 
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In investigations carried out during the last years (cfr. Fischer 
1947), we have shown that two types of substances are essential 
to multiplication of tissue cells in vitro. The first type consists 
of the high-molecular substances present in embryonic tissue 
first demonstrated by Carrel (1913) and by us prepared as a 
nucleoprotein fraction and termed "embryonin'' (Fischer and 
Astrup 1943). The other type consists of low-molecular substan- 
ces present in a variety of organic material, thus in blood serum, 
kidney tissue, yeast and barley malt (Fischer 1941, Fischer 
and Astrup 1942, Astrup, Fischer and Volkert 1945), and 
which later could be partially purified (Astrup and Fischer 
1945, 1946). 

When tissue cells are placed in dialysed culture media (con- 
taining glucose) they disintegrate in the course of 24 hours even 
in the presence of embryonin. In media containing the low molec- 
ular substances embryonin creates rapid growth of the tissue 
fragment (measured by an increase of the area). The low-molecular 
substances alone produce almost no growth, the cells mainly sur- 
vive in good condition, responding immediately on the addition 
of embryonin with an increase in growth. 

The low molecular substances evidently play a fundamental 
role in the maintenance of the tissue cells while embryonin only 
seems of importance to the multiplication of the cells and not 

14 — V12161. Acta pliys. Scandinav. Vol. 14. 
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to the maintenance of the life of the cells. Embryonin therefore 
may act as a catalysing principle for the growth of the tissue, 
while the low-molecular substances serve as a basic nutriment 
for the cells. For this reason we call embryonin a groivth promoting 
substance while the low-molecular components are regarded as 
accessory grmoth substances, and we use these terms in order to 
distinguish between the modes of action of the two different 
groups of substances on the tissue cells. 

In a recent paper we have described the removal of the fer- 
mentable sugars from barley malt extracts by means of a treat- 
ment with yeast (Astrup, Fischer and 0hlenschlager 1947 ). 
With these preparations we were able to study the importance 
of different sugars for the growth of tissue cells, and to obtain a 
purified active product as a dry powder. It is thus possible to 
remove considerable quantities of inactive material without in- 
terfering to any great extent with the growth properties of the 
preparations. It is the purpose of the. present paper to make a 
further contribution to the knowledge of these accessory growth 
substances. 


1 . 

Before entering upon the experimental details it may be of 
value to consider some questions concerning "accessory growth 
substances”, which term is a purely arbitrary one. Thus it must 
be pointed out, that many more substances may be “accessory 
growth substances” for a culture of tissue cells than for a whole 
organism, as the cells may be imable to produce all of the inter- 
mediary metabolites present in the fluids of the whole organism 
originating from enzymatic processes in special organs, e. g. in 
the liver. If we take into account all low-molecular ions and neutral 
substances of the intercellular milieu possessing a definite in- 
fluence upon the cellular metabolism, the term “accessory growth 
substances” may embrace alle these types of low-molecular sub- 
stances for which the cell membranes are permeable. For any 
tissue in question it is therefore of importance to disclose, which 
of the said substances acting upon its metabolism, it can be with- 
out and which substances it is unable to produce as intermediates 
in its own- metabolic processes. The last mentioned substances 
must be added to the culture medium for the tissue in question, 
and must therefore be termed "accessory growth substances” in 
a restricted sense of the term. 
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The "activity” of an extract is therefore an expression for 
the joint action of its different components on the tissue cells. 
Some of these components may be “accessory growth substances” 
in the restricted sense; others may be removed from the solutions 
without interfering with the growth of the tissue fragment, as 
the cells themselves may be able to produce these intermediates. 

Still other components may be impurities of no significance 
whatever to the cells, and others may be inhibitors. Further, the 
concentration of the components may be of importance, as some 
substances, active components or impurities, may act as inhibitors 
at increased concentrations. This should be taken into con- 
sideration when evaluating the experimental results. 

The components acting upon the cells may be divided into the fol- 
lowing groups; 

A. Inorganic salts: 

1 . Na+, K+, Ca++, Cl~, HCOa”, HPO 4 — and similar ions influ- 
encing cellular permeability, pH and colloidal state of the proteins. 

2. Mg’*"*', Mn++, Cu++, Zn++, T'c+‘‘‘ and similar ions, with special 
functions in cellular metabolism, mainly as components of prosthetic 
groups of enzymes. 

B. Organic substrates: 

1 . Low-molecular carbohydrates, mainly glucose. 

2 . Low-molecular peptides and free amino acids. 

C. Metabolites: 

1 . Intermediate breakdown products from the carbohydrate series. 

2 . Intermediate products from the oxidation of fats. 

3. Intermediates from the oxidative dc-amination of amino acids, 
as aldehydes, ketones and keto acids free or in the form of enol-phos- 
phates. 

4. Phosphate transmitters, adenosine triphosphate and systems of 
similar kinds. 

5. Eedox systems, acids of the Krebs cycle, cozymase, thiamine, 
flavines and others. 

D. Other specific biokatalysts acting in a very high dilution, like 
pantothenic acid and biotin in yeast systems. 

B. Inhibitors. 

This list is not complete, as the intermediates from other lesser 
known systems, as e. g. the amino acid metabolism and transmethyla- 
tions, may be included, as well as still unknown processes of importance 
to the metabolism and gro^vth of isolated tissues. 

The tissues are cultivated in a mixture of dialysed plasma and 
dialysed embryonic extract. Dialysed blood serum is added as fluid 
phase. All the high-molecular components are therefore retained in the 
media, including the growth promoting substance embryonin. Further, 
the dialysed proteins in the medium may serve as a source for the 
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amino acids necessary for tlie metabolism of tbe cells, provided the 
isolated cells are able to make this source available, a question -which 
has previously been discussed in detail, Astrijp, I’ischBr and Volkbrt 
(1945). 

The presence of Tyrode-solution in the culture medium pro-\ddes 
the system -with some inorganic ions of group A and -with glucose. 
The removal of these substances from the active preparations may 
therefore be regarded as the first step of purification; thus the removal 
of fermentable sugars present in the extracts of barley malt has been 
accomplished recently, Astbup, Fischer and 0hlenschlager (1947). 
In this manner it •w'as possible to study the ability of different sugars 
to act as "accessory gro-wth substances”, and it -was found that only 
glucose, mannose and fructose showed any considerable activity. 

Substances .from the other groups act as gro-wth substances under 
the experimental conditions chosen if the tissue cells are unable to 
produce them through their own metabolic processes, or otherwise to 
make them available. Thus it may be possible, that not all these ac- 
cessory components are present in the normal media in a free state, 
but e. g. combined with proteins. If the compound formed is a relatively 
non-dissociable compound, then the substance in question will not be 
removed by the dialysis. 

In this manner some of the substances reckoned to be of low-molec- 
ular character may be retained in the dialysed media, and conse- 
quently be available for the cells for growth purposes. This means that 
the addition of these substances to the media is not necessary for ob- 
taining normal metabolism and gro-wth of the tissues. 

That this may be true is indicated by our purification experiments, 
in -which -We could show that a considerable purification could be 
accomplished -without interfering to any large extent with the action 
on the cells. This result was tmexpected. For example, we assumed 
that the different vitamins which are kno-wn to be necessary for a 
whole organism also are essential to a tissue fragment under our ex- 
perimental conditions, while so far we have been unable to discover 
any influence of any of the vitamins tried (B-group and vitamin C) 
on the gro-wth. Only two explanations remain: either are the vitamins 
present in the dialysed media as non-dissociable compounds with high- 
molecular substances, or the culture period is too short to disclose any 
deficiency. Another point must also be taken into consideration here, 
viz. that the number and amount of vitamins essential to an isolated 
tissue fragment may be different from that essential to a whole or- 
ganism, where special organs or specialized tissues, on which the life 
of the organism is dependent, may use vitamins which are not essential 
to other, less specialized tissues, or use them in lesser amounts. Another 
explanation — rather improbable as it would seem — remains, namely 
that the dedifferentiation of the tissues during the cultivation in 
-vitro makes the cells capable of surviving and multiplying on media 
of a simpler composition. 

One must be cautious in judging the course of fractionation of a 
crude preparation from the gro-wth of tissue cells in vitro. It must 



METABOLISM OF TISSUE CELLS. 


199 


be empbasized that tissue cultures ate very unfavourable objects for 
a quantitative test of the activity, allowing only a very rough esti- 
mation of the potency of the different fractions. It is only possible to 
say something definite regarding the activity when if is approaching 
zero, in Which case the product may be discarded, and this is only 
possible after testing different concentrations of the preparation in 
question, as there seems to exist a threshold concentration beloW 
which a fraction is practically inactive, while it may be rather potent 
at higher concentration. For this estimation both the growth rate (as 
compared with that of a sister culture as control) and the morphological 
appearance must be taken into consideration. It is evident, that with 
this test method the purification may proceed only at a slow rate. It 
is necessary to test every new fraction and fractionation method over 
and over in order to obtain reliable results. The technical difficulties 
met with in tissue cultivation further limit the number of single ex- 
periments to which a preparation may be subjected simultaneously. 
For comparison it may be mentioned that in the purification of pan- 
tothenic acid it was possible accurately to determine the potency of the 
fractions within a concentration range of one to several thousands 
using a simple yeast test (Williams, Truesdail, Weinstock, Bohr- 
MANN, Ltman and Mc.Burney (1938). 

For this reason we have on several occasions during our work con- 
sidered the possibility of designing a new test method. We have thus 
made orientating experiments with measurements of the metabolism 
of tissue slices using the Warburg technic, and we have also tried 
to measure the proteolytic activity of isolated tissue in the presence 
or absence of our substances. All without much success. It must also 
be pointed out that, notwithstanding the ability of a neW test method 
to function in the presence of our more or less purified preparations, 
a new difficulty is introduced, as the new test may depend on the 
presence of other substances, than those acting on the animal tissue 
cells. In this case a new problem arises during a purification procedure, 
namely that of the identity or non-identity of the active fractions as 
measured by the different test methods. A further uncertainty is to be 
found in the circumstance that we still do not know in which processes 
of the metabolic activities of the cells the substances in question par- 
ticipate. 

Further, we do not know if the response of the tissue cultures on 
the addition of an active preparation is due to the presence of one, 
a few or a considerable number of chemical substances acting in con- 
junction to restore the growth ability of the tissue fragments. 

2 . 

Experimental. 

1. Barley Malt Concentrate. 

In our last paper (Astrup, Fischer and 0hlenschlager 
1917), we described experiments with malt extracts fermented 
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witli yeast in order to remove the carbohydrates present. In order 
to prepare larger quantities a concentrate was made in the fol- 
lowing manner in a commercial plant; 

2 kg barley malt powder was stirred mechanically V-j^ hours at 
room temperature with 5 1 of water. Then 15 1 of 96 % ethyl alcohol 
was added. After standing until the next day it was filtered, and con- 
centrated in vacuo on waterbath (40 — 50°) to a volume of about 1 1. 
After decantation from the lipids separated it was concentrated in the 
same manner to 250 ml. 100 kg barley malt was worked up in this 
manner. 


2. A Dry Preparation. 

The treatment of this concentrate with yeast (after dilution 
to the original volume) now yielded practically inactive solutions. 
We tried in vain to disclose the cause of this failure. The con- 
centrate as furnished to us contained less carbohydrate and nitro- 
gen than usual (V — 3 9 6,0; 10.7 mg sugar and 0.47 mg N 
per ml). We tried to reduce the amount of yeast used for fermen- 
tation, but without much success. The amount of non-fermentable 
reducing substances was about the same as usual (V — 3 9 3,5; 
4.75 mg sugar per ml). We therefore abandoned the fermentation 
as a method for the purification of the active substances, and tried 
a direct precipitation. This was successful, probably because the 
carbohydrate content of the crude extracts was lower than that 
of the extracts used before. The dry preparation obtained in this 
manner was more colourless than before, and dissolved in water 
to a clear, yellow solution without leaving insoluble substances 
behind. The following procedure was followed: 

To 500 ml of a concentrate was added 50 ml 2 — n NaOH (alka- 
line on phenolphtalein) and the solution precipitated with 3,000 ml 
96 % ethyl alcohol. After standing for a few hours the supernatant 
was discarded by decantation, and 500 ml glacial acetic acid added 
to the viscous precipitate. After standing over-night tke mixture Was 
cautiously heated in a Water bath until about 60° with intermittent 
shaking. Most of the precipitate was dissolved by this treatment. After 
slowly cooling to room temperature and standing until the next day 
the supernatant (520 ml) was poured from the sticky precipitate and 
precipitated with 5 vol. (2,600 ml) of abs. alcohol with mechanical 
stirring. After a few hours the mixture Was filtered on a Buchner fun- 
nel, treated with abs. alcohol and dry ether and dried in vacuo. Yield 
13.0 g, corresponding to 1.3 mg substance per ml of the original solution 
(10,000 ml). Nitrogen content: •4.25 % (V — 4 0 3,2). 
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The yield of dry substance depends on the sugar content of 
the original concentrate and varies between 1.2 mg to 4.9 mg 
substance per ml original solution. The 
nitrogen content lies around 2 — 4 % 
and the sugar content at about 30 — 

40 %. Phosphorus content about 1 %. 

Cl is absent. The preparation contains 
most of the activity of the original 
material j see Fig. 1. 

8. Barium Salts. 

The dry preparation could be further 



purified by fractionation as barium 
salts with ethanol. In this manner 
a middle fraction containing most of 
the activity could be isolated, but it 
was difficult to prepare the remaining 
fractions completely inactive. 


3?ig. 1. Action of a dry prepara- 
tion from malt: V — 40 6, 2. 4.33 
mg per ml original solution. 216 
mg dissolved in 50 ml Ringer’s 
solution, neutralized and stcrile- 
filtered. Culture No. 16007; No 
addition. Culture No. 16068: 
Addition of 0.2 ml solution. 


"V — 401,21:9.4gV — 401, 2 (a dry preparation corresponding 
to 2,000 ml original solution) was dissolved in 25 ml H^O and precipi- 
tated with 2.5 g barium acetate dissolved in 10 ml of water. After 
centrifugation it was washed once with 5 ml water and dried with al- 
cohol and ether. Yield l.ii g containing 1,35 % N and 4.23 % P. 
Shows no activity (after removal of Ba++ with sulphate). 

V — 4 0 1 , 2 2 : The centrifugate and the wash water from V — 
4 01,21 were precipitated with 1 vol. abs. ethanol (40 ml) and dried 
with ethanol and ether. Yield O.ci g, l.sc % N and 3.28 % P. Inactive. 

jI 0 1 , 2 3 : To the centrifugate from V — 4 0 1 , 2 2 there was 
added 2 vol. of abs. ethanol (80 ml). Yield of precipitate I .04 g con- 
taming 4.25 0 / ^nd 0.5 97 % P. Tried in 4 times the original con- 
centration it showed considerable activity. Fig. 2. 

The mother liquor was precipitated with an ad- 
ditional 2 vol. of abs. ethanol (total 5 vol.), I .72 g precipitate, 2.82 % 
N and 0.452 % P. Not very active. 

J 01,25: The mother liquor was precipitated With 2 vol. dry 
ether. 3.54 g precipitate. O.027 % N and 0.458 % P. Almost inactive. 


From these experiments it is seen that large amounts of in- 
active substances containing phosphorus were removed in the 
most insoluble fractions. The activity followed the nitrogen-rich 
ractions of medium solubility. The most soluble fractions were 
inactive and contained only small amounts of nitrogen. When 
using larger amounts of material it was difficult to .prepare the 
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less soluble fractions in completely inactive form; best results 
were obtained by tbe following procedure. 

V — 4:07,31:20 gV — 406, 2 (a dry preparation corresponding 
to 10,000 ml original solution) was dissolved in 100 ml HgO and 10 g 
barium acetate dissolved in 50 ml H 2 O was added. After centrifugation 
the precipitate was dispersed in water, made alkaline to phenolphtalein 
with 2 — n NaOH and Ba++ removed by a surplus of 5 % sodium 
carbonate. After centrifugation and filtration the mixture was diluted 
to 250 ml (40 X the original concentration). Contained 0.57 8 mg N/ml 

corresponding to 14.5 N per 
ml original solution. Showed 
practically no activity. 

V — 4 0 7,32: The cen- 
trifugate from V — 4 0 7 , 3 1 
was precipitated with 6 vol. 
of abs. alcohol (900 ml). After 
decantation the sticky precip- 
itate was dissolved in water, 
some insoluble substance re- 
moved by filtration and diluted 
to 200 ml (50 X concentration). 
Contained 2.023 mg N/ml cor- 
responding to 40.5 ng N per 
ml original solution. Consider- 
ably active, see Fig. 2. 

V — 407,33: Themother 
liquor was evaporated in 
vacuo and diluted to 200 ml 
(50 X concentration). It con- 
tained 1.038 mg N/ml corresponding to 20.8 jxg N per ml original 
solution and was inactive. 



Fig. 2. a) Action of a medium soluble barium 
salt from malt, V — 401,23 (culture No. 
15641) compared with the action of a more 
soluble Ba-salt V — 401, 25 (culture No. 
15642). b) Culture No. 16140: Action of an 
alcohol-precipitated barium salt V — 407, 32. 
Culture No. 16139: No addition. 


4. Farther Properties of Malt Extracts. 

Treating the dry active barium salts with methanol several 
times removed about half the amount as soluble inactive sub- 
stances, containing only minor amounts of nitrogen (V — 4 0 5, 
3 2: 0.79 % N). The insoluble residue was rich in nitrogen and 
showed considerable activity (V — 4 0 5,3 1: 5.42 % N). 

Treatment of a dry preparation with colloidal ferric hydroxyde 
removed a little sugar and some nitrogen without influencing the 
biological activity (V — 3 9 8,2: 1.93 mg sugar and 0.160 mg 
N per ml, FejOs-treated (V — 3 9 8 , 2 — F): 1.20 mg sugar and 
0.096 mg N per ml). 

Treatment with methanol acidulated with HCl dissolved most 
of the dry preparation. The solution yielded on addition of dry 
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etlier a precipitate possessing considerable activity, but addition 
of a solution of sodium in methanol until alkaline reaction pre- 
cipitated most of the active components in a more purified state 
(V — 3 9 9 , 2 : 1.22 mg sugar and 0.117 mg N per ml. Sodium 
salts insoluble in methanol (V — 3 9 9 , 6 3); 0.28 mg sugar and 
0.064 mg N per ml). 

The sodium salts insoluble in methanol (V — 4 0 3,31) con- 
tained 5.67 % N, of which 1.30 % was amino-nitrogen before 
hydrolysis by 1-n HCl, and 1.99 % amino-nitrogen after 
hydrolysis for bout at 100°. 

By means of a zink precipitation it Avas possible to purify the 
barium salt further and to increase the nitrogen content conr 
siderably: 

V — 404,231: 2.o g barium salt (V — 4 0 4,23) was dissolved 
in 5 ml HjO, and precipitated with concentrated Na^SO 4-solution. The 
BaS04 removed by centrifugation Was washed with 1 ml H^O and to 
the combined solutions 1 g zinc acetate dissolved in 2 ml HjO was ad- 
ded. The mixture was precipitated with 50 ml CH3OH and the pre- 
cipitate isolated by centrifugation and treatment with abs. alcohol 
and dry ether. Yield 0.87 g. The precipitate was active and contained 
8.80 % N". The mother liquor was also considerably active, however, 
and yielded on addition of abs. alcohol (1 vol.) 0.4 0 g dry substance 
containing l.oo % N (V — 4 0 4,232). By converting the zinc salt 
again to a barium salt (by means of Ba (SH)2-solution) a barium salt, 
containing 11. 05 % N but being less active than the original zinc salt, 
could be obtained. (V — 4 0 4,235.) 

Treatment wdth 90 per cent phenol of the barium salts dis- 
solved in water yielded a nitrogen-rich phenole fraction (V — 
4 0 6,423; 0.045 mg N/ml original solution) and a nitrogen- 
poor aqueous layer (V — 4 0 6,422; 0.016 mg N/ml). None 
of the solutions showed any considerable actiAuty, but imited they 
seemed rather active. This indicates the possible presence of two 
lands of substances essential for the biological activity of the 
extract. (V — 405,541, V — 408,3 1.) 

Acetylation with acetic anhydride and sodium hydroxyde at 
0° in aqueous solution did not decrease the activity (V — 3 3 3, 1 2 
V — 4 0 5,6 1). 

6. Accessory GroAVth Substances flrom Embryonic Calf Tissue. 

The low molecular accessory groAvth substances must be as- 
sumed to be present - abundantly in the embryo tissue, and we 
therefore tried this as a source that might yield the substances 



204 ASTRUP, EHRENSVABD, FISCHER AND 0HLENSCHLAQER. 

in a purer condition tlian tlie malt extracts and possibly also of 
a kind more natural to tbe animal tissues investigated. We made 
a dialysate from minced calf embryo and obtained immediately 
a product of considerable activity, and with tbe morphologic ap- 
pearance of the cells superior to the most active malt extracts 
previously tried. We tried various other means of obtaining pro- 
tein-free solutions, but they all yielded products inferior to those 
obtained by dialysis. This was true, for example, of methods in- 
volving trichloroacetic acid, metaphosphoric acid and acid alcohol. 
This failure of the usual methods for the removal of proteins was 
probably due to the nature of the proteins of the embryo extract 
which contained large amounts of gelatine, 

Metaphosphoric acid was hydrolysed by heating at slightly acid 
reaction and removed as barium phosphate at alkaline reaction. 
Trichloroacetic acid was removed by concentration in vacuo, 
solution in glacial acetic acid and methanol and precipitation of 
the active product by means as abs. alcohol. Although products 
of a considerable activity were obtained (V — -509,1; V — 
5 2 4,1) the properties of the substances were inferior to those 
obtained by dialysis, it was especially the contents of gelatine 
which made the treatment of the substances difficult. It was 
therefore decided to use only dialysates for the further investiga- 
tions, 

V — 5 0 1,1: Muscles from calf embryos were passed through a 
meat chopper and extracted for one hour with one volume of Ringer’s 
solution. After passing through gauze 5.5 1 extract Was obtained 
corresponding to 2.75 1 embryo pulp. The extract was dialysed in 
cellophane tubings against an equal volume of distilled water at 0° 
for three days Tvith addition of toluene. The dialysate, corresponding 
in concentration to 1.37 1 embryo pulp, was evaporated in vacuo to 
dryness on a water bath (50°) and the residue treated with methanol- 
acetic acid (1 : 1) 80 ml. The filtrate was precipitated ^vith 5 vol. of 
abs. alcohol, filtered on a glass filter and treated with abs. alcohol 
and dry ether. After drying in vacuo over H2SO4 and NaOH 18. g g 
of a white powder resulted, containing 2.95 % IsT, 2.60 % total P and 
1.2 0 % inorganic P. 415 mg was dissolved in 25 ml physiol. NaCI, 
neutralised and steril-filtered. 

It was found very active on the tissue cultures yielding almost 
normal growth and appearance, see Tig. 3. Dilution of such a 
preparation 1 : 10 did not completely reduce its complementary 
action on dialysed media. 

An extract of barely malt used in 10 times the usual concentra- 
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tion did not produce increased growth, effect and was still in- 
ferior to the embryo preparation. Addition of a concentrated malt 
extract to the embryo preparation did not show any sign of the 
presence of inhibitory agents in the malt extract, 3?ig. 4. 



Fig. 3. Action of a dry preparation. 
(V — 501,1) from calf embryo dia- 
lysate undiluted (culture No. 16645) 
and 10 X diluted (culture No. 16646). 



Fig. 4. Action of V — BOl, 1 uritbout 
(culture No. 16699) and witb (culture 
No. 16700) addition of an extract 
from barley malt (V — 425, 1). 


The embryos used may be of different size and may be kept 
at 0° over night and still yield excellent products. The dialysis 
may be extended over two to five days and the water changed. 
The cellophane tubings may be used several times when rinsed 
and kept in toluene- water. In order’ to obtain active preparations 
it is important to add toluene or xylene to the embro extract 
and treat the extract thoroughly with these additions before 
placing in the cellophane casings. When no toluene was added 
quite inactive preparations were obtained, probably due to bac- 
terial decomposition of the active components; no toxic products 
were present (V — 5 0 7). The embryo extract could be stored 
with toluene a few days at 0° without loss of activity (V — 
511 , 3 ). 

The active substances present in the products obtained in this 
manner possess considerable stability. Treatment ivith 0.1 — n 
HCl or 17aOH for half an hour at 100° did not result in any sig- 
nificant decrease of activity- The same was found when treating 
with 1.0 n HCl, but 1.0; — n NaOH produced almost inactive 
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solutions (V — 5 0 0). The yield of dry substance was as a rule 
about 10 mg per ml embryo pulp, with due corrections for loss by 
extraction and dialysis. Beef muscle also yielded active products 
(V — 5 0 8). Also ultrafiltrates of the embryo extract were active 
(V — 51 1), method of Brandt Eehberg (1943). Chicken em- 
bryos also yielded active dialysates, V — 515. By electrodialysis 
of the dry preparation about was isolated as acid components, 
earring most of the activity, V — 517. 

The properties of the embryo preparations were as follows: 

Normal growth and appearance of the tissue cultures was ob- 
tained, when adding amounts corresponding to the concentrations 
in the embryo tissue. At lower concentrations (1 : 10) the ac- 
tivity decreased. The activity was not destroyed by keeping the 
embryos or the pulp at 0° for a few days. Autoclaving at neutral 
reaction, treatment with 0.1 — n acid or 0.1 — n alkali at 100° 
resulted only in minor losses in activity. The same was the case 
when treating with 1.0 — n HCl, while treatment with 1.0 — n 
NaOH resulted in inactivation. The dry preparation contained 
large amounts of phosphorus. Thus V — 5 01,1 contained 2.60 % 
total P, of which 1.20 % was inorganic P; 0.07 % 7 min. P. and 
0.40 % 20 min. P. Treatment with Ba-acetate precipitated all 
the inorganic P, but only small amounts of N. The remaining 
solution retained most of the nitrogen and the activity. By treat- 
ment with glacial acetic acid all the activity was transferred to 
the solution. By electrodialysis an active acid fraction could be 
obtained. 

Some of the properties of our active preparations indicate a 
similarity with the substances involved in the overcoming of adult 
tissue dormancy studied by Simms and Stillman (1937) but it is 
too early to speculate about their identity. 


Summary. 

1. In a treatment of the problems concerning the growth sub- 
stances acting upon animal tissue cells in vitro it is pointed out 
that it is necessary to distinguish between the nature and mode 
of action of the growth 'promoting substances, termed embryonin, 
which are high molecular protein fractions present in an embryo 
extract, and the accessory growth substances of loW-molecular 
nature present in a variety of biological systems. Both of these 
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groups were found to be essential to the growth of tissue cells 
in vitro. 

2. When studying the properties of the low-molecular substan- 
ces several difficulties are encountered wdiich are inherent in the 
test method available and therefore unavoidable. The meaning of 
the term “accessory growth substances” for tissue cultures in 
vitro is discussed. 

3. The purification of the barley malt extracts previously in- 
vestigated was carried further vdth only partial success. The ac- 
tivity of the fractions diminish as the purification proceeds. In 
some cases completely inactive fractions result, which when 
mixed regain a considerable activity indicating the presence of at 
least two groups of accessory growth substances essential to the 
tissue cells, 

4. From embryonic extracts it is possible to isolate as a stable 
dry powder purified preparation which is superior to the best 
malt extracts in producing normal growth and appearance of the 
tissue cultures. 

This work was aided by grants from ‘'Rask-0rs(eds Fond’\ "Tehiisk 
Kemisk Fond” and " Ingeniorvidonskaheligt Fond”. The barley malt 
was placed at our disposal by the Carlsherg Breweries, and AjS "Ferro- 
sail”, Copenhagen, aided us in the preparation of crude extracts. 
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This report covers one of several investigations of the occur- 
rence and significance of citric acid in the human organism, 
■which have been carried on for some time in different institutions 
in Lund. It is most closely connected to a paper by Agrell 
(1946) concerning the blood citrate level as dependent on mus- 
cular work. The Thunberg method, which was also used in this 
investigation, is described by Martensson (1940) and Hagel- 
STAM (1944). — The investigations on which this report is based 
were carried out in April — June 1946. 

A relatively small part of the greater problem of how the citric 
acid content of the blood is affected by food on the whole was 
studied: the effect of food consumed in the morning before rising 
on the citric acid content. The aim of the investigations is pri- 
marily to elucidate some of the conditions necessary for the clinical 
use of the citric acid determination and the necessary precautions, 
especially -when diagnosing certain diseases of the liver. The in- 
vestigation has been confined ■within these limits. 

The folio-wing information may be given concerning the persons 
examined. There were 4 males and 6 females ranging in age from a 
9-year old school-boy to a 39-year old woman. All were in good health 
and consisted mainly of research Workers or technicians.. 

The blood samples were obtained by puncturing the cubital veins 
and the citric acid analyses were performed according to Thunberg. 
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The examinations were scheduled as follows: 

The subjects were not allowed to eat anything after 7 p. m. on the 
day preceding the test. They spent the night at the laboratory in order 
to avoid a possible change in the Ci-values due to muscular effo:^. 
Blood sample No. 1 was taken as soon as possible after awakening 
in the morning. The pulse was counted before the blood-test in order 
to get a rough idea of nervousness of the subject before the test. After 
the first blood sample was taken the subject was served a light break- 
fast in bed, consisting of one egg, 2 pieces of bread and butter, one 
with cheese and the other with corned beef, together with 72 litre of 
milk. All subjects consumed the entire meal except No. 2 who did not 
eat the egg and Nos, 6 and 10 who left half of the milk. — According 
to an approximate calculation, the caloric intake was about 670 cal. 
(2 pieces of bread weighing 25 gr. 120 cal., 15 gr. cheese 40 cal., 5 gr. 
corned beef 8 cal., 10 gr. butter 76 cal., 1 egg 80 cal., and Ya litre milk 
350 cal., altogether 670 cal.) After breakfast the subject was allowed 
to remain in bed to rest for one hour, following which the pulse was 
counted again and blood sample No. 2 was taken. 

The values are given in the Table below. 

Tabl^ 1. 

In Table 1 A gives the sex and age of the subjects, B the Gi-value before 
the meal, G the Ci-value after the meal, D the percenlual change in the 
Ci-value, E the pulse rate on awakening, F the pulse rate 1 hour after 
the meal, and G the percentunl difference in the pulse rate. 




A 

B 

C 

D 

E 

P 

G 

No 


Ago 







1. 

3 

24 

30 

35 

+ 17 % 

64 

68 

+ 6 % 

2. 

? 

19 

30 

35 

+ 17 % 

72 

78 

+ 8 % 

3. 

? 

19 

23 

30 

-h 30 % 

68 

72 

+ 6 % 

4. 

<? 

9 

40 

42 

+ 6o/o 

64 

76 

+ 19 % 

5. 

S 

35 

26 

34 

+ 31 % 

60 

62 

+ 3 % 

6. 

9 

39 

25 

33 

+ 32 % 

72 

74 

+ 3 % 

7. 

$ 

35 

24 

29 

21 % 

60 

60 

O.o % 

8. 

$ 

16 

27 

32 

+ 19 % 

68 

84 

+ 24 % 

9. 

? 

21 

■ 24 

28 

+ 17 % 

68 

74 

+ 9 % 

10. 


9 

35 

41 

+ 17 % 

70 

76 

+ 9 % 

By means of comparing the 

i values in 

column B and 

column C 


the effect of food on the Ci-value of the serum is obtained. The 
values in these two columns have been , placed in relation to 
each other in column D, where the differences between B- and 
C-values are stated per cent. 

All the differences are positive. Thus the result of the deter- 
mination is that the intake of food seems to induce a clear in- 
crease in Ci-value of serum; The lowest increase observed is 6 %, 
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the highest 32 %. The mean value of the percentual increase is 
20.6 %. — ■ An increase is seen also in the case with an original 
value of 40. Here the increase was 6 %, which figure, however, 
lies within the limits of error and must he judged accordingly. 
The subject in question, the 9-year old hoy mentioned before, 
was tested again (test No. 10), resulting in an increase of 17 % 
of the initial value of 35. — A special study of the Ci-value in 
children is, of course, indicated, as it is very probably generally 
higher than in adults. However, the young boy tested here showed 
on both occassions an increased Ci-value of serum after eating. 

The pulse rate which was determined before taking of the 
blood samples showed an average increase of 9 %. 

In order to ascertain that the increased Ci-value was caused 
by the food and not only by the fact that the subject was awake, 
control experiments were made without food on 5 different sub- 
jects, 4 of whom had belonged to the group originally examined. 
The other was a man aged 28. 

The result of this control series appears in Table 2. 


Table 2. 

Column A gives the sex and age of the subjects, B the Ci-value on 
awakening, C the Ci-value after 1 hour, and D the percentual change of 
the Ci-value. 



A 

B 

C 

D 

No 

Age 




1. 

$ 19 

30 

28 

-7 % 

2. 

? 16 

26 

24 

-8 % 

3. 

<? 28 

23 

23 

O.o % 

4. 

? 35 

26 

26 

O.o % 

5. 

$ 21 

24 

25 

+ 4 % 


The values of this control series show thus that the fact of 
being awake cannot alone cause the increase in the Ci-value of 
the blood which is observed to occur after the consumption of 
food. 

Why does the intake of food produce an increase of the Ci- 
value of the blood? The resorption of the Ci contained in the 
food may be more or less important. The food used in our experi- 
ment contained a considerable amount of Ci, mainly due to the 
milk. Milk has a Ci-value of about 3 gr. per litre and the half-litre 
of milk which was part of the meal, contained thus more than 1 
^r. of Ci, By the meal given the body is thus supplied with an 
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amount of Ci that is considerably greater than that of the blood, 
calculated to about 1 mg. per kilo body ’weight, L e. 70 mg. The 
additional Ci-amount is thus more than 10 times that of blood 
serum. It is evident that the experiments should be made also 
with food as free from Ci as possible. 

Our results do not exclude the possibility of the increase in 
the Ci- value of the blood being caused by a general increase in 
the metabolism. It is therefore desirable that the experiments 
are continued with food that is almost entirely free from Ci. It 
is also important that the blood sample for diagnostical Ci- 
analysis should be taken before any food is consumed. This is in 
fact merely a continuation of the method in practice. 

Sjostrom, who introduced Ci-determination as a means of liver 
diagnosis, stresses, too, that the tests should be made under simi- 
lar conditions, preferably in the morning on an empty stomach. 
This rule is none the less motivated by the fact that Sj6stb6m 
is uncertain whether food increases the Ci- values or not. . 

Lenn^ir has found in his obstetrical cases no noticeable in- 
fluence of food in the Ci-value of the blood. 

Lehmann considers that blood samples for determining the 
Ci-value should be taken before rising in the morning and on an 
empty stomach. He says the following: 

“The sample should be taken on an empty stomach because 
the food may contain Ci (vegetables a. o.). I think, however, that 
our view of the reason for the increased Ci in non-fasting pa- 
tients must be re'vised. We have thus found that quite harmless 
meals, containing only a minimum of Ci, have caused increases 
in Ci amounting to values comparable to those observed in the 
most severe hepatitis”. — According to Lehmann this means 
that the increased Ci is not caused by the occurrence of Ci in the 
food, but rather by an increased intestinal activity and metab- 
olism, respectively, in connexion with the consumption of food. 

Summary. 

The intake of food in the morning immediately after awakening 
causes an increase in the Ci-value of the blood serum, measured 
by Thunberg's enzymatic method. In a series of 10 subjects the 
lowest increase was 6 %, the highest 32 %, and the mean value 
20,6 %, When the method is used for diagnostic purposes in liver 
diseases, blood samples should be taken on an empty stomach and 
under so similar conditions as possible. 

15 — V 12161 , Acta jihys. Seandinav . Vol. 14 , 
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During recent years, this laboratory has t aken up an inve.stiga- 
tion of the transfe of ions across the skin of amphibians and the 
regulation mechanism involved. It was found that the transfer 
of sodium and chloride through the .skin of the axolotl was affected 
by iniection of the neurohj'pophyscal principles (Jobgen.sek, 
Levi and Ussing, 194:7). Moreover, the mere priclcing of the skin 
with the injection needle induced a loss of salt from the animal. 
It is natural to correlate this phenomenon with the observation 
that the potential across frog skin has been observed to decrease 
as a result of stimulation of the nerves in nerve-skin preparations 
(see Gildemeister, 1928). Greven (1941) showed that even 
psychic excitation, for example released by noise, may produce a 
decrease in skin potential of the intact frog. Furthermore S.M’ro 
(1931) observed that stimulation of tlie nerves and addition of 
i. a. adrenaline to frog skin increased its polarization capacity. 
These observations make it most probable that the sldn perme- 
ability of amphibians may be influenced by sjnnpathin and adre- 
naline. It was therefore attempted to study the effect of adrenaline 
on the ion permeability of the isolated frog skin by means of 
direct methods.^ 

1 Sim unpublished experiments of Dr. H. H. ■UssI^•a show that the potentinl 
across isolated frog skin decreases on addition of adrenaline to (he Ringer solution 
bathing the inner side of the skin. I thank Dr. Ussixa for his kind permission to 
Cite his results. 
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Material and Technique. 

The experiments were performed on isolated skin from the thigh of 
the frog (Rana temporaria). The skin w’as turned inside out, the distal 
open end w‘as closed by ligation, and the proximal end mounted on a 
celluloid tube c. 12 mm in d iameter. At the start of the experiments 
the pouches thus obtained were filled with c. 1.5 — 2 ml w'ater or dilute 
salt solution and placed in small vessels containing 10 ml aerated frog 
Ringer. Care was taken that the liquid surfaces Were at the same level 
on both sides of the skin. The air stream used for aeration entered 
beneath the skin pouch and by hitting the skin pouch before reaching 
the liquid surface it maintained satisfactory stirring of the content. 
The Rmger solution did not contain bicarbonate, but it was buffered 
at pH c. 7.4 with sodium phosphate (c. 3 mM/1); in addition the Ringer 
contained 60 mg% of glucose. 

The passage of salts through the sldn was followed either 1 ) by chlor- 
ide determinations or 2) by conductmty measurements on the content 
of the pouches. Chloride was determined according to Rehberg in the 
modification of Schnohr (1934) on 1/2 samples. The conductivity 
was measured by means of a Philips Philoscop (a.c. 1000 cycles). In 
the following the resistance measured is expressed directly in concen- 
trations i. e. in mM/1 of a solution of NaCl which — at the same tempe- 
rature (c. 22° C) — would have the same conductivity. 


Results. 

In the experiments to be described below the net movement of 
salt always went in the direction from the higher concentration 
in the Ringer solution to the lower concentration inside the skin 
pouches. Thus a net uptake of salt from the fluid bathing the 
physiological outer side of the sMn was never observed. Usually 
the newly mounted skins showed a rather high permeability 
decreasing when the liquid in the pouches was exchanged (table 1). 

Table 1. 

Permeability of frog skin in f-iM Cllhfcm‘. 

12 3 

Preshly prepared skin pouches . 0.06 0.09 0.23 
After renewal of pouches’ content, 0.02 0.03 0.06 

This seems to indicate that during preparation of the skin a sub- 
stance is liberated which renders the skin more' permeable to salts. 
After the content of the pouche^s was renewed once or a few times, 
however, the skin permeability was found to remain constant under 
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constant conditions for more than two hours (fig. 1). Krogh 
(1937) found that specimens of R. esculenta when kept in distilled 
water loose salts through the skin at a rate of c. 0.01 Cl/h/cm®. 
Comparing this figiire with the result of the present measurement 
it is seen that the permeability of the isolated skin of R. temporaria 
is at least several times higher. 



Fig. 1. “Normal” loss of salts through isolated frog skin. Physiological inside: 
Ringer solution. Physiological outside: Water. Abscissa: Time in minutes. 
Ordinate: Concentration of NaCl in mJI/1. 


Effect of adrenaline. Adrenaline hydrochloride (Medicinalco) 
added to the Ringer solution to a concentration of 1 ; 10® always 
produced a marked increase in the permeability of the isolated 
skin (fig. 2). The change in permeability sets in within the first 



Fig. 2. Effect of adrenaline on the loss of salts through isolated frog skin. At arrow 
1 adrenaline 1 : 10' in Ringer solution. At arrow 2 Ringer. 

minute after the addition of the drug. When the adrenaline con- 
taining Ringer solution is exchanged with fresh Ringer the per- 
meability in some cases soon decreases again to the initial value. 
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Frequently, however, it was observed that the permeability of 
tbe skin did not resume its normal value after tbe Ringer solution 
bad been replaced; in such cases normal permeability was first 
rapidly reestablished when the liquid in the skin pouches was 
exchanged. This phenomenon has some resemblance to the above 
mentioned high permeability of newly mounted skin, and may 
perhaps be due to liberation of toxins from the skin under the 
action of adrenaline. Adrenaline is known to induce secretion in 
the skin glands of anurans (Wastl, 1921). In a concentration 
of 1 : 10’ adrenaline usually produced a strong effect, as shown in 
fig. 3; at a concentration of 1 : 10® the effect was always very weak 
and often completely lacking. 



Fig. 3. Effect of adrenaline on the loss of chloride through frog skin. At arrows 
1, 2, 4, 6, 8 and 9 Ringer. At arrows 3, 6 and 7 adrenaline 1 : 10’ in Ringer. 


Effect of the red oxydation products of adrenaline [adrenochrome?). 
It was observed that the action of adrenaline solutions on the 
permeability of the skin decreased and even disappeared when the 
solutions became red, even when strong solutions of adrenaline 
were used. In the experiment illustrated by fig. 4, the adrenaline 
solution (1:4* 10*) added at arrow 2 had been prepared about an 
hour earlier. At the moment of addition it was already reddish. 
The same adrenaline solution was used again about 3 hours later 
(arrow 4) without producing any effect on the permeability; at 
that time the solution was markedly red. At arrow 5 freshly 
prepared adrenaline solution of the initial strength was applied 
for the sake of comparison, its effect thus indicating that the skin 
still had its normal reactivity. It is rather likely that the red colour 
developing during autoxidation of the adrenaline solutions is due 
to adrenochrome (Green and Richter, 1937, Lavollay, 1943). 
If so the conclusion may be drawn that adrenochrome is without 
any effect on the permeability of the frog skin. 
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Fig. 4. Effect of red oxidation products of adrenaline (adrenochrome?) on the loss 
of chloride through frog skin. At arrow 1 Einger, at arrow 2 adrenaline 1 : 4 • 10‘ 
in Einger {the solution was prepared about one hour earlier and was already 
reddish). At arrow 3 Einger. At arrow 4 the same solution as used at airoW 2 — 
now pure red. At arrow 5 freshly prepared adrenaline 1 ; 4 • 10* in Einger, 


Effect of edrenoxyl. Adrenoxyl (Labaz) was used. In tlie light 
of the results obtained with the red oxidation products of adrena- 
line it was to be expected that adrenoxyl — the monosemicarba- 
zone of adrenochrome — would not bave any detectable effect 
on the skin permeability, even in concentration 1 : 10® (fig. 5). 
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Discussion. 

It has been demonstrated that adrenaline increases the perme- 
ability of isolated frog skin to ions. This effect of adrenaline on 
cells may perhaps prove to be of more general occurrence. Hebb 
and Nimmo-Smith (1946) found that perfused isolated lungs of 
dogs would loose potassium to the perfusion fluid, when adrena- 
line was added to the latter. The same has been found on perfused 
isolated cat liver (D’Silva, 1936, 1937). The effect of adrenaline 
on the permeability of muscles is not quite clear. Stickney (1940) 
using a preparation of frog hind limbs found that adrenaline was 
without any effect on the potassium exchange between the per- 
fusion fluid and the perfused organs. On the other hand. Miller 
(1943) has shown that adrenaline injected into rats has a definite 
effect on the exchange of ions between muscles and blood. He 
found the concentration of sodium to be lowered in the plasma 
and to be increased in the muscles as a result of the administration 
of adrenaline. It seems difficult to explain the findings that the 
concentration of potassium both in plasma and in nauscles is 
increased under the action of adrenaline. Engel (1941, 1943) 
found an interaction between the sympathetic nervous system 
and the permeability of the capillaries. On cats, rabbits and dogs 
the permeability of the capillaries to infused Fuchsin S and sodium 
thiocyanate is decreased after sympathectomy, even if the capil- 
laries are dilated as a consequence of the operation. Furthermore, 
the increased permeability following traumatic shock is suppressed 
to a great extent if sympathectomy is performed prior to the 
trauma. These examples support the assumption that adrenaline 
ncreases the permeability to electrolytes of a diversity of tissues. 


Summary. 

Isolated skin of the frog when bathed on the inner side with 
Ringer solution and on the outer side with water will loose salt 
from the Ringer solution to the water. This loss is greatly increased 
when adrenaline is added to the Ringer solution. Adrenaline may 
be active even at a concentration of about 1 : 10®. The red oxida- 
tion products of adrenaline (adrenochrome?) is — if at all less 
active than adrenaline. Adrenoxyl in a concentration of 1 : 10® is 
without any influence on the permeability of the skin. 
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Nowadays most workers in the field of mammalian gastrology 
believe in the Heidenhain-Pavlov’s hypothesis of a high, ap- 
proximately blood isotonic and constant acidity of the parietal 
secretion (the “primary acidity”) (cf. for instance the monograph 
of Babkin (1944) and Hollander (1943)).^ Much evidence has 
been accumulated in favour of the Pavlov view, but most of the 
arguments have been obtained in an indirect way. In 1940 one 
of us (T. T.) attempted a new direct method of determining the 
value of the primary acidity. The principle was based on obser- 
vations that the rate of acidity reduction is proportional to the 
hydrogen-ion concentration of the stomach content (in accord- 
ance with the “diffusion theory”, cf. Teorell 1933, 1935, 1939, 
1947). The essential part of the method was the utilization of the 
acid buffering power of glycocol, whereby loss of HCl owing to 
“back diffusion” was prevented. The results on narcotized cats 
gave an average value of 208 ± 6 mN HCl, a figure which was 
believed to be independent of the secretion rate (at least at high 
secretion rates). 

Already in these experiments one could often record values 
which were considerably higher than the average, up to 310 mN, 
particularly at the lower rates of secretion. No significance was 
ascribed to these observations at that time, because the method of 
measuring small volume increments was regarded as less reliable. 

1 Among the very few authors who have recently questioned the hypothesis 
■of a constant primary acidity is GtrniKSEir (1943), who, on pretty vague grounds, 
suggests the possibility of a limited variation. 
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The whole problem has now been reinvestigated with improved 
methods which will be described in this paper. The results ob- 
tained point towards tbe possibility that the primary acidity, as 
defined by this method, may have varying values lying between 
170 mN at the higher rates of secretion and about 350, which is 
approached at the lower rates. 


Methods. 

The general 'principles of the experimental procedures were the 
same as described by Teorell (1940). The new contribution to 
the technique consists of the addition of an indirect method of 
measuring the volume changes of the instilled stomach content. 
For this purpose the glycocol was utilized, not only as an acidity 
reducing buffer substance, but also as a "dilution indicator”. 
The pre\dous experience (Teorell 1939, 1940) has shown that 
glycocol (glycine) is poorly permeable in the stomach thus making 
it very suitable for the purpose. Unlike many dyes which have 
been used by many others glycocol is not adsorbed by mucus etc. 
The details of the new technique will be described below. 

Animal procedures: In some preliminary experiments cals were 
employed, narcotized with chloralose-urethane. Each 15th minute 5 ml 
of 0.2 0 molar glycocol were instilled in the emptied stomach which was 
ligated at the cardia and the pylorus. Hydrochloric acid secretion was 
induced by subcutaneous injections of ca 1 mg histamine dihydrochlor- 
ide. The stomach content was completely aspirated after a 15 minutes 
interval and measured as to its volume directly in calibrated measuring 
cylinders before further analyses Were begim. 

The main results here presented Were, however, obtained on Heiden- 
hain pouch dogs. These offered several advantages over cats, in the 
first place because larger volumes of acid juice were produced, thus 
making the direct as well as indirect volume determinations more 
accurate, secondly because one could employ unnarcotized animals and, 
by administration of a continuous, intravenous injection of histamine, 
it Was possible to maintain a desired, constant rate of secretion of longer 
time intervals (for technique see Obrink 1946). Thus it was possible 
to get an extra check on the volume increments caused by the HCl 
secretion by comparison with collection periods without any instilla- 
tion of a foreign liquid (cf. fig. 1). The amountbf glycocol solution em- 
ployed Was 20 ml (here 0.25 M) and the collection interval varied be- 
tween 10 to 120 minutes depending on the rate of secretion. 

Analyses: a) On 6.oo ml of the glycocol -j-jiiice samples the acidity 
Was titrated by means of N/10 NaOH using a glass electrode set up 
as end point indicator (pH 6.8 is a suitable end point corresponding 
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to the value of the original glycocol solution), Tlie NaOH consumption 
gives tlie amount of total HCl in the aliquot! 

b) Indirect volume determination: After addition of 5 ml neutralized 
(to pH 9) 40 % formaldehyde the titration is continued to pH 9 and 
a new NaOH reading recorded (cf. Fig. 4). The last titration is evi- 
dently the well known Sorensen "formaldehyde titration” upon an 
amino acid, here the glycocol, and yields a value of its concentration. 

After comparison with corresponding "blanks” on undiluted glyco- 
col one can now calculate the volume increments caused by the secretion 
according to the following formula: 


Volume increment, A V 




( 1 ) 


where s = the NaOH consumption after the formaldehyde addition 
on the chosen aliquot (here 5 ml) of a gastric juice -1- glycocol sample, 
b = the NaOH consumption on the same volume (6 ml) undilated 
glycocol ("blank”) and i = the volume in ml of the glycocol instilled. 

c) The ‘primary acidity, i. e. the concentration of the secreted HCl 
referred to the volume increment, is obtained from the formula: 


Primary acidity in mH, PA = ^ 

where a = the NaOH consumption on the aliquot / (5 ml) before the 
formaldehyde addition, and i and A Y retain their previous significance. 

The determinations of the total chloride concentration Were carried 
out electrometrically. Its primary concentration Was calculated in an 
analogous manner as the PA. 
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Control Experiments. 

a) Titration controls in vitro. "Artificial” glycocol-HCl mixtures 
have been titrated in the same way as described above. In order to 
simulate the actual experiments two different mixtures of 2.0 and 4.0 
ml resp. of HCl (175 mN) added to 20 ml of glycocol (0.25 hi) have been 
titrated. In the first case the recovery of volume gave an average of 
1.97 ^0.03 ml (one a) and in the second one of 4.oo J^O.no ml (20 
trials in each series). 

The acidity of the increment ("the primary acidity”) was determined 
to 177 i 1 mN and 174 ± 1 niN resp. 

The chloride determinations yielded a mean of 173 i 6 mN. 

The agreement between calculated and observed values can in all 
cases be regarded as satisfactory. 



I 23456789 ml 
Secretion rate, directly observed 


I'lg. 2. The correlation in vivo between the secretion rate (ml/lO min.) directly 
observed and indirectly calculated according to formula (1). 
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b) Recovery controls of the volume in vivo. The accuracy of tbe con- 
stant secretion on tbe dogs Was witbin 3 — 4 % of tbe mean over a time 
range of half an bour. This constancy was maintained before as well 
as during tbe periods of instillation of glycocol (cf. fig. 1). Tbe agree- 
ment between tbe volume increments directly observed in a measuring 
cylinder and those indirectly obtained by tbe formula (1) is sbown 
by tbe fig. 2. Tbis figure indicates a good agreement between tbe two 
methods. It is thus stated that glycocol may be used as a reliable dilution 
indicator of tbe stomach secretion. 


Results. 

a) Cats: First a typical result obtained on a whole stomach 
from one cat experiment ■null be mentioned (Table I). 

Table I. 


A cat experiment showing the volume increment F) 
and the primary acidity (.PA). 


Time (min.) 

JV (ml) 

PA (mN) 

Neutral Cl 
in sample 
(mN) 

dir. 

indir. 

dir. 

indir. 

0-15 

5.1 

5.7 

167 

189 

24 

15— 30 

7.5 

6.2 

180 

195 

21 

30- 45 

6.6 

5.9 

197 

206 

17 

45— 60 

4.8 

4.5 

224 

234 

16 

60— 75 

2.9 

2.9 

244 

244 

17 

75— 90 

1.5 

1.7 1 

298 

267 

15 

90—105 

0.8 

1.1 

342 

288 

18 

105—120 

0.6 

0.8 

386 

308 

18 


The table demonstrates clearly that tbe primary acidity values 
become surprisingly high towards lower rates of secretion. Tbe 
neutral chloride excess of tbe samples seem to remain approxi- 
mately constant. 

Although the same type of result has been found on other cat 
experiments, we have thought it advisable to postpone any dis- 
cussion of the possible significance of our figures until further 
experience has been gained on dog pouches which as mentioned 
previously, offer several advantages. Such experiments will be 
reported below. 

b) Dogs: A typical result on a dog pouch is shown in the fig. 1. 
When the secretion rate is constant, 20 ml glycocol were instilled 
and withdrawn every 10 minutes. The observed volume incre- 
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ments ate indicated by columns which are seen to be almost equal 
to the secretion rate observed before the instillation, hence it 
can be concluded that the glycocol does not interfere with HCi- 
production, nor does it cause any appreciable "osmoticar'’ water 
transport. No correction terms are thus necessary. In Table 11 
the total body of experimental figures is given for one 20 kg dog. 
The relation between directly observed and indirectly calculated 
secretion rates (i. e. the volume of juice produced in 10 minutes) 
has already been presented in the fig. 2, 


Table n. 


Survey of the experimental data (dog). 


JV ml 

Observa- 
tion time 
(minutes) 

q (ml/10 
min.) 

PA (mN) 

Total Cl 
(mN) 

Neutral Cl 
(mN) 

pH of 
the 

sample 

dir. 

indir. 

dir. 

indir. 

dir. 

indir. 

dir. 

indir. 

dir. 

indir. 

0.8 

2.4 

60 

0.13 

0.40 

318 

114 






3.1 

4.8 

180 

0.17 

0.26 

159 

112 






0.5 

0.8 

30 

0.17 

0.27 

210 

133 






0.5 

1.2 

30 

0.17 

0,40 

151 

65 






7.0 

6.5 

120 

0.58 

0.54 

330 

349 

359 

379 

29 

30 

3.0 

3.0 

2.4 

50 

0.60 

0.48 

302 

354 

307 

373 

5 

19 

3.2 

5.7 

6.0 

60 

0.95 

1.00 

299 

287 

315 

303 

16 

16 

2.4 

6.0 

5.9 

60 

1.00 

0.98 

270 

274 

290 

294 

20 

20 

2.4 

6.0 

5.6 

60 

1.00 

0.93 

268 

282 

312 

329 

44 

47 

2.C 

6.0 

5.9 

60 

1.00 

0.98 

278 

282 

303 

307 

25 

25 

2,6 

8.2 

6.6 

60 

1.37 

1.10 

219 

256 

268 

315 

49 

59 

3.3 

8.G 

8.5 

60 

1,43 

1.42 

225 

227 

226 

228 

1 

1 

3.2 

9.5 

9.6 

60 

1,60 

l.GO 

212 

211 

314 

311 

102 

100 

2.9 

9.6 

9.4 

60 

l.CO 

l.SG 

222 

225 

240 

244 

18 

19 

2.7 

9.0 

10.1 

60 

l.CO 

1,70 

230 

222 

240 

232 

10 

10 

3.0 

2.0 

2.2 

10 

2.00 

2.22 

216 

198 

297 

272 

81 

74 

3.3 

5.3 

4.9 

25 

2.12 

1.96 

210 

214 

277 

295 

67 

81 

3.0 

3.8 

3.3 

15 

2,53 

2.20 

214 

242 

263 

297 

49 

55 

3.2 

5.9 

5.7 

20 

2.95 

[2.85 

186 

190 

206 

212 

20 

22 

2.9 

6.0 

6.2 

20 

3.00 

3.10 

184 

179 

221 

216 

37 

37 

2.9 

6.0 

6.2 

20 

3.00 

3.10 

181 

183 

186 

182 

5 

—1 

3.0 

6.0 

6.0 

20 

3.00 

3.00 

190 

190 

195 

195 

5 

5 

2.0 

3.0 

3.2 

10 

3.00 

3.20 

191 

180 

260 

246 

69 

66 

3.0 

3.0 

3,5 

10 

3.00 

3.50 

214 

188 

246 

215 

32 

27 

2.0 

6.2 

5.8 

20 

3.10 

2.90 

190 

192 

224 

236 

34 

44 

2.8 

6.3 

6.2 

20 

3.15 

3.10 

187 

189 

202 

206 

15 

17 

2.0 

5.3 

6.4: 

10 

5.30 

6.40 

175 

152 

205 

177 

30 

25 

3,0 

5.5 

6.4 

10 

5.50 

6.40 

180 

160 

199 

177 

19 

17 

2.9 

6.5 

5.9 

10 

5.50 

5.90 

179 

170 

209 

198 

30 

28 

3 0 

5.5 

5.7 

10 

5.50 

5.70 

172 

168 

199 

194 

27' 

26 

3 0 

5,5 

5.7 

10 

5.50 

5.70 

175 

170 

199 

194 

24 

24 

3 0 

8.5 

9.4 

10 

,8.50 

9.40 

188 

169 

194 

181 

6 

12 

2^5 

9.0 

9.4 

10 

9.00 

9.40 

173 

168 

174 

169 

1 

1 

2.8 

9.0 

9.4 

10 

9.00 

9.40 

173 

170 

187 

181 

14 

11 

2.7 

9.0 

9.6 

10 

9.00 

9.60 

181 

173 

187 

179 

6 

6 

2*fi 

9.5 

9.9 

10 

9.50 

9.90 

175 

170 

195 

185 

20 

15 

2.8 
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Secretion rote 

Pig, 3. Tha influence of the secretion rate upon the primary acidity. — The observed 
values are smoothed according to a simple exponential function (full line). The 
index of correlation is 0.0G4 i 0.006. The standard error of estimate is 10' 

(dotted lines). 

In a separate graph (Fig. 3) "we have plotted the primary 
acidity calculated from formula (2) as a function of varying rates 
of secretion. The zlV employed -were those obtained by the in- 
direct "glycocol dilution method”, the directly determined idV:s 
yield almost exactly the same curve. The curve was smoothed 
according to the following purely empirical equation PA = 
= PA^ (PAo — PA^)’e'""* where the indexed PA:s denote 
the primary acidity at a secretion rate of zero and infinite re- 
spectively, e = 2.71, q = the secretion rate (ml/10') and c a 
constant. The material comprises 32 different determinations on 
the same dog. By means of the method of least squares the fol- 
lowing numerical equation was found to give the best fit: PA = 
= 169 -{- (464 — 169) ' This means that the highest pri- 

mary acidity could be extrapolated to 464 mN at the lowest possible 
rate of secretion, at higher rates it gradually approached the value 
of 169 mN as a lower limit. The statistical limits of error are in- 
dicated in the figures as dotted lines. At extremely low secretion 

' For terminology see: M. Ezekiei., Methods of Correlation Analysis, New York. 
1941. 
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rates, where the collection has been extended over longer time 
periods (up to 2 hours) there is a marked tendency to a decline 
in the primary acidity. These figures, put within brackets in the 
graph, have been excluded as "abnormal”, because it seems prob- 
able that even minute amounts of non-acid secretion here exert 
an influence. 

The total chloride values follow the primary acidity values very 
closely, but they are, in general, somewhat higher (about 20 mN 
in 10 minute samples). 

It is worth noticing that the hydrogen ion concentration of 
the glycocol juice samples at their withdrawal never was higher 
than 10“^' N (pH ^2. 4). This is less than % of the hydrogen 
ion concentration of pure gastric juice, which ought to diminish 
the loss of H"*" ions due to diffusion to a corresponding fraction, 
i. e. from a practical point of view diffusion loss may be negligible. 

In some experiments a phosphate buffer has been tried as an 
acidity reducing agent. The results showed a trend similar to the 
one reported above on glycocol. 

Finally it should be remarked that the glycocol-juice samples 
all were colorless and clear and contained very small amounts of 
visible mucus. 

Discu.ssions. 

Both in experiments on whole cats' stomachs and, in partic- 
ular, on dog's stomach pouches it has been found that the so 
called primary acidity (PA), i, e. the calculated acidity of the 
parietal secretion "in statu nascendi”, obtains values which, in 
contrast to our preliminary belief, was not at all constant. Al- 
though values of the commonly adopted PA value of ca 175 mN 
HCl (i. e. near blood isotonicity) could be recorded in a great deal 
of our experiments, it was often found that values exceeding 175 
mN could be registered. A distinct dependence on the rate of 
secretion as to the PA was also evident.’ the lower the rate of 
secretion the higher the PA, which approached about the double 
conventional value at the lowest rates {extrapolated maximal PA 
was 464 mN). This is a most surprising result and certainly calls 
for a thorough discussion as to possibilities of experimental errors 
etc. before any physiological significance can be attached to it. 

In the first place one has to consider the reliability of the ex- 
perimentally determined quantities, i. e. the volume increments 
and the figures obtained at the NaOH titrations. In the second 

16 —^ 72 ^ 6 ^. Acta phys. Scandimv. Vol U. 
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place one lias to investigate the possibility of "artefact” results 
due to tbe special buffer technique employed. 

As to the volume increments there is evidence indicating that 
they are not far from correct: 1. In the experiments with con- 
stant rates of secretion (with the continuous, constant histamine 
injection) the actual output of the secretion is practically the 
same as the values measured after periods of glycocol instillation 
(cf. the figure 1). 2. The in vitro model experiments yielded almost 
the calculated volume values. 3. The direct volume measurements 
agree satisfactorily with those determined indirectly according to 
the “formol titration method” also in the actual animal ex- 
periments. 

As regards the NaOH consumption one might expect that the 
admixture to the stomach content of a component other than the 
HCl with a high base binding capacity could result in too high a 
NaOH titration figure and thus cause excessively high PA values 
when inserted in the formula (2). Now, it seems reasonable to as- 
sume that such a postulated component should not be a strong 
acid. If it was a weak acid or an ampholyte (protein, mucus) a 
considerable base binding ought to show up in the pH range of 
4.0 — 6.8. When one plots the pH as a function of the NaOH 
consumption in a usual "titration curve”, there ought to appear 
definite "steps” or inclined slopes. Instead special investigations 
on a number of our samples showed that the graphs invariably 
were perfectly flat in this critical pH region (as 2 in fig. 4). Hence, 
we are forced to conclude that no weak acids or acid ampholytes 
can account for the high NaOH figures obtained. It might per- 
haps be questioned whether Na-bicarbonate could be present 
and yield an excess of liberated COo which could remain dis- 
solved even in the acid samples (pH about 2 — 3) and then be 
subject to “back titration^^ with NaOH. In such an event, how- 
ever, a marked S-shaped bend should have been discovered on 
the titration curve in the region 4.5 — 6.8 (pK for H2CO3 is 6.1), 
cf. (3) in fig. 4. In spite of special precautions we have never 
found such an indication of the presence of CO2. Incidentally it 
may be mentioned that the COj-production of the stomach, if 
anything, is diminished in the presence of acid content (cf. Teo- 
RELL 1933 p. 264). 

As the considerations above seem to allow an exclusion of purely 
analytical errors as sources of the unexpectedly high PA:s, it re- 
mains to examine the possibilities of “artefacts” resulting from 
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peaetrate as deep as to these places the concentration will 

be diminished there and, hence, the postulated equilibrium dis- 
turbed, whereby new HCl should be produced as a “compensation” 
mechanism. Such a penetration of glycocol ought to be less marked 
at the higher rates of outflow of the parietal secretion, which acts 
as a counter stream in opposition to the penetration direction 
of the glycocol molecules. Hence, more “normal” conditions 
would prevail at the higher rates of secretion. At the lower rates, 
however, the “intraglandular” neutralization would cause a take 
up of excess HCl from its formation sites (the parietal cells or 
cell surfaces?). Unfortunately this “explanation” is a pure pro- 
duct of speculation, because no experimental e^’idence is at pres- 
ent available to speak for or against it. 

The same can be said of a suggestion that the excessive accu- 
mulation of HCl should be due to a phenomenon of diffusion. If 
some fraction of the parietal secretion should remain in the 
"crypts”, and the mucosa surface (possibly with its mucous lining) 
acting like a permeable membrane, the HCl would diffuse to the 
glycocol volume. In such a case the diffusion would yield an 
approximately constant contribution of HCl to the glycocol of 
the stomach content and thus be of a greater importance at the 
lower secretion rates.^ 

It is worth noticing that glycocol also can give rise to "accelerated 
diffusion” or "diffusion effects” of the type described by Teobell 
(1935, 1937). In model experiments, for instance, it can be readily 
demonstrated that the transport of HCl across a diffusion membrane 
takes place at a higher rate in a system of the type (outside) HCl 
(membrane) glycocol (inside) than in a system HCl (membrane) NaCl. 
The amount of titrable acidity (to pH 6.8) can, at least temporarily, 
reach values more than 50 per cent in excess of that of the pure HCl 
solution. An analogy to such a system might perhaps be imagined in the 
living stomach. Thus the crjq)ts will be drained on HCl without much 
volume change. Although such mechanisms could be valid for a glyco- 
col instillation period immediately following an (abrupt) cessation of 
the parietal secretion, they seem to be hard to apply during periods of 
continuous acid production. 

In conclusion it may be said that our attempts to scrutinize 
the experimental conditions for possible pit falls as to the ex- 
istance of “artefacts” have failed so far. It leaves us with the 

^ In this connection it should be pointed out that the slight excess of total-Cl 
over the acidity (in Table I and II denoted as “neutral chloride” and nearly con- 
stant) can be accoimted for by assuming some alkali chloride diffusion from the 
stomach wall to the stomach content (cf. several graphs Teobell (1939)). 
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possibility that tbe primary acidity of tbe parietal secretion ac- 
tua ly can be variable and much higher than generally believed 
bitberto, hjing in the range 170-^50 mN. If these results be true 
it may open new points of attacks on a central problem in stomach 
physiology, the mechanism of formation of the hydrochloric acid, 
which is still completely unsettled. 


Summary. 


1. The problem of the magnitude of the “primary acidity” 
of the parietal secretion of the stomach has been reinvestigated 
with a new, improved method. Its essential part consists in the 
utilization of the acid buffering power of glycocol combined with 
the employment of that substance as a "volume indicator”. With 
this method the acidity reducing diffusion processes are abolished 
and reliable volume measurements can also be carried out. 

2. Experiments have been performed on cats and, in the 
main, on Heidenhain pouch dogs. In the latter case continuous, 
intravenous histamine injection has been used as a gastric acid 
stimulant which 3 delds constant, controlable outputs of HCl 
secretion. 

3. The primary acidity (found by dividing the amount of 
titrable acid by the volume increment of an instilled, “isotonic” 
glycocol solution) has now been found to be variable and can be 
unexpectedly high. It ranges between 170 and about 350 mN. 
There is a definite relationship between the primary acidity value 
and the rate of secretion: The lower the secretion rate, the higher 
is the primary acidity. 

4. The significance of the findings are discussed. 


The expenses of this investigation have been defraved by 
^ants from the Statens Medicinska Eorskningsrad” and the 
Medical Faculty of Uppsala University. 

Our thanks are also due to Miss M. Usestrom for valuable 
technical assistance. 'auiaoie 
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The problem whether the pituitary body is able to retain its 
incretory activity independent of direct impulses from the mesen- 
cephalic centres has been the subject of a large number of investi- 
gations. In the majority of these a study has been made of the 
power of transplanted hypophyseal tissue to stimulate endocrine 
organs whose functions are dependent on the pituitary body. 
Most of the investigators find that hypophyseal transplants, 
contrary to transplants from other endocrine organs, show no 
power to retain their incretory function. There are, however, 
opinions that diverge from this view. The divergence in views may 
be due in part to differences in absorption from the hormone 
depot supplied with the transplant and in part to the employment 
of different criteria for the evaluation of the acitivy in the endo- 
crine glands stimulated by the transplant. 

The significance of the hypothalamus for the hypophyseal func- 
tion has also been studied after severance of the stalk connexion 
with the, infundibulum. Such a procedure would no doubt be best 
suited to the problem under consideration, but on account of the 
technical difficulties it is less utilized than transplantation experi- 
ments. These latter experiments have not been claimed to bring 
any advantage in other respects. When- the pituitary is left in situ 
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witli an unbroken stalk connexion, tbe chief advantage gained is 
that all the blood vessels not having their course in the stalk are 
left intact. 

With the pituitary body in situ, the activity of the hypothalamus 
has been most thoroughly studied -with respect to the gonadotropic 
function. Tn a series of experiments on the rabbit in 1937 and later on 
both the rabbit and rat Westman and Jacobsohn found that the 
gonads sho'w'ed regressive morphological changes and reduced function 
after stalk section. These results have been confirmed by some investi- 
gators but have been rejected by others. The literature on the subject 
has been recently reviewed by BboI/IN (1945). Eeliable experimental 
results would seem only to have been obtained when, in addition to the 
stalk connexion with the posterior lobe of the pituitary gland, the 
direct connexion with the anterior lobe via the pars tuberalis has also 
been broken. After such a complete severance of the stalk it has been 
made clear that the gonadotropic function of the hypophyseal anterior 
lobelis powerfully reduced. 

The importance of the stalk connexion for the thyrotropic func- 
tion of the anterior lobe has been studied by different methods. 
First it may be mentioned that the functional state of the thyroid 
gland after section of the hypophyseal stalk has been studied by 
several investigators. In the rabbit Brook (1938) found normal 
thyroid gland after the operation. Westman and Jacobsohn 
(1942), likewise in the rabbit, found normal thyroid glands in 
some cases and in a somewhat larger number of cases glands show- 
ing signs of reduced function. Working on the rat, Westman and 
Jacobsohn (1938) came to a similar result and pointed out that 
where regressive thyroid changes are observable these are not so 
pronounced as after hypophysectomy. TJotila (1939) states that 
the structure of the thyroid gland remains unchanged after the 
operation. On the other hand, Bbolin (1945) found that after com- 
plete stalk section the thyroid activity in the rat is reduced and 
that this could not depend upon chance. Concordant experimental 
results obtained by Uotila (1939) and Brolin (1945) show that 
the increase in thyroid activity which arises in cold-exposed rats 
does not appear after section of the pituitary stalk. When com- 
plete transection of the stalk had been established, Broun (1945) 
found that stalk-cut rats had a low resistance to cold. Many of 
these animals, however, could endure a continuous stay of four 
to five weeks in a low environmental temperature. Hence, a limited 
power to resist the effects of a low outdoor temperature persisted 
after complete stalk transection, which, as known, is not the case 
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after hypophysectomy. This observation does not seem to prevent 
the cited experimental results from being interpreted to tbe effect 
that tbe thyrotropic function of the pituitary body is highly de- 
pendent on the stalk connexion. A vievr incompatible with this 
interpretation is that advanced by TJotila (1940) and reproduced 
here by the following quotation. “It is concluded that the thyro- 
tropic function of the anterior hypophysis has a basic secretory 
rhythm, which is for the most past controlled humorally by varia- 
tions in the organisms thyroxin level without the mediation of the 
hypothalamo-hypophyseal pathways.” Uotila bases his opinion 
on two groups of experiments in which rats with sectioned hypo- 
physeal stalks were examined. In one group he found that injec- 
tions of thjTioxine reduced the thyroid activity as much in these 
rats as in the intact ones. In the other group he observed that 
residual thyroid tissue exhibited a compensatory hyperplasia in 
the stalk-sectioned rats as well. The evidential value of the first- 
mentioned results have been undermined by the statement that 
stalk section alone involves a reduced thyroid function, as was 
shown later by Brolin (1945). Moreover, Westman, Jacobsohn 
and Hillarp (1943) as well as Brolin (1943) have found that the 
completeness of the stalk severance in Uotila’s series of experi- 
ments is open to question. 

In the investigations on the role played by the hypothalamus 
for the thyrotropic function of the hypophysis the functional state 
of the thyroid gland has been mainly treated. The kernel of the 
problem, which lies in the reactions of the anterior pituitary, is 
then only indirectly illuminated. 

The possibilities of interpreting the cytological reactions involved 
in the production of the thyrotropic hormone have been studied 
by Brolin (1945). In conjunction w;ith quantitative and quali- 
tative morphological analyses of the anterior pituitary experi- 
ments were carried out with cold exposure, thyroxine injections 
and th)T:oidectomy as. well as hormone analyses. The results, af- 
forded very .strong reasons for the conclusion that thyrotropic 
hormone is produced in the basophil cells. In these, an active 
productive phase and a degenerative phase could be observed. The 
latter was represented in the final stages of the thyroidectomy-cells 
and identical cell-forms as arise in cold. 

Among the investigations undertaken to elucidate the connexion 
n structure and the hormone production Smelser’s 

{mi) exhaustive quantitative determinations of the topographical 
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localization of the hormones in the anterior hypophysis deserve mention. 
Starting from the known fact that the hypophysis of the ox consists o- 
different zones with differences in cell distribution and hormone ocf 
currehce, he calculated the concentration of the hormones as a “center 
cortex ratio”. Among other things he found that the basophile-rich 
central part contained double as much gonadotropic hormone as the 
cortical part but 16 to 32 times as much thyrotropic hormone and 6 to 
8 times as much adrenotropic hormone. Without drawing any definite 
conclusion he considered the result to suggest that these three hormones 
“are produced or stored by several distinct cell types which have dif- 
ferent special distributions in the gland . , This standpoint is not 
incompatible with the view that basophil cells are producers of the 
gonadotropic FSH factor as well as of the th 3 T:otropic hormone, for 
different types of basophiles with hitherto uninvestigated structural 
differences may exist. However, there is also another possible inter- 
pretation that must not be overlooked, since it is conceivable that 
micromorphologically identical basophiles may produce the two hor- 
mones in different amoimts in response to different impulses. The topo- 
graphical course of nerves or possibly of vessels from different hypo- 
thalamic centres might then explain differences in the hormone distri- 
bution, since the basophilic cells do not only occur in the central portion 
of the anterior lobe. Hence, Smelseb’s experimental results ought not 
to be considered to conflict with the view that the hormone production 
of the anterior lobe can to some extent be cytologically localized. In- 
stead, they accentuate the question whether the same cells produce more 
than one hormone, or whether the known types of cells can be struc- 
turally differentiated to the same extent as different anterior lobe 
hormpnes can be distinguished. Whatever critical shape the interpre- 
tations of Smelser’s results may take, it can ultimately be concluded 
that the 16 to 32 times greater thyrotropic hormone content of the 
basophile-richer zone does not contradict the interpretation that these 
cells produce thyrotropic hormone. 

The investigations hitherto carried out show that the thyrotropic 
function of the pituitary body can he influenced by the latter’s stalk 
connexion with the hypothalamus. As to whether the anterior pituitary- 
thyroid system can function in its essential parts autonomously there 
is a divergence of opinions between different investigators. An in- 
vestigation of the cell reactions of the anterior lobe after severance 
of the stalk connexion attacks the heart of this question and can there- 
fore contribute to its solution. 

When the significance of the pituitary stalk for the function 
of the anterior lobe is being studied, it should be remembered 
that the stalk is not a uniform anatomical structure. Begard 
should therefore be had to both the pars infundibulis and the pars 
tuberalis, as the last-mentioned glandular part contains nerve- 
bundles and vessels that form a direct connexion between the 
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anterior pituitary and tie hypothalamus. This system of innerva- 
tion has been studied especially thoroughly m the rat by Hiu-abp 
and Jacobsohn (194:S). 


Experimentul Procedure and Material. 

The underlying principle of the experiments is, to put the experimental 
animals in-such a situation that an increased thyroid activity is deman- 
ded. Thyroidectomy has been employed for this purpose because of the 
extensive and distinct qualitative changes it brings about in tbe baso- 
phile cells. This method, moreover, is reliable not only on account of 
the distinctness of the ecological reactions arising but because it gives 
the assurance that reactions ■will not fail on occasion to appear. Thj’xoid- 
ectomy has on many occasions, and sometimes to a great extent, been 
performed by the same technic on rats belonging to the stock kept by 
me for several years. It was found ■without exception that the animals 
exhibited distinct changes in the basophil cells under the development 
of thyroidectomy cells. In coniunction ■with the experiments carried 
out in this series, therefore, it was only necessary to carry out thyroid- 
ectomy in a limited number of cases in order to establish the constancy 
and reliability of the cytological changes. 

When thyroidectomy was undertaken, the parathyroid glands were 
left in situ in accordance with a procedure previously described (Broun, 
194-5). The parathyroid glands left in position vrcie microscopically 
examined at the autopsy undertaken. 

The pitmtary stalk was cut off under ocular control by a method 
devised by me (Broun, 1943). In the planning of the experiments care 
was taken not only to break off the entire stalk connexion but also, in 
some cases, to sever one of these two components selectively. It ■n^as 
possible to realize this 'wish so far as the fars infundibidis was concerned. 
Oh this account the experiments have been divided into two groups: 
series A including e^eriments in which the pituitary stalk was severed 
and B experiments in which the intermediate and posterior lobes were 
extirpated. The distribution of tbe material is sbo'wn in Table 1. Ac- 
cording to a method described by Smith (1931), that part of the pro- 
cessus infundibuli which consists of the posterior lobe and with it the 
intermediate lobe was removed in one piece. By this means the influence 
of these two lobes and of the nervous fibres running through them was 
eliminated. The extirpation was carried out by means of a thin glass 
cannula in which a controllable pressure was established maintained 
below atmospheric. Regulation of the suction power was simplified 
by means of a three-way tube, which was connected to the cannula 
a water-suction, and a rubber tube which the operator grips between 
ms teeth. The pressure in the cannula is dependent on the inflow of air 
through the rubber tube, the lumen of which can be readily altered by 
means of the operator’s teeth. ^ 

Susa immediately after the 
rats had been killed by clipping their cervical vessels under ether 
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anaesthesia. With carbon tetrachloride and carbon bisulphide as inter- 
media the organs were thereupon embedded in paraffin, after which 
they were sliced with a sledge microtome. In that part of the investiga- 
tion in which the stalk Was cut a coherent block of hypophysis and 
mesencephalon was cut into series of 8 ^ sagittal slices. This enabled 
the effect of the operation on the stalk to be controlled. The same 
technique was partially used in the experimental series in which the 
intermediate and posterior lobes were extirpated. In some remaining 
cases -the pituitary body was prepared separately and sliced into 4 jx 
horizontal sections. Sections from all the pituitaries were stained by 
Martin’s method (1933). In the stalk-sectioned series azan staining 
was in addition carried out on sections preserved separately for the 
purpose. In the second series azan staining was also employed in some 
cases parallel with Martin’s. 

Besides the pituitary body, the parathyroid glands, gonads and 
adrenals left in position at the operation were microscopically examined. 
The testicles were stained with ferric alum hamaetoxylin and benzo- 
purpurin, the other organs with Ehrlich’s haematoxylin as nuclear 
stain and eosin or chromotrop 2 R as plasmic stain. 

The material. As already mentioned, there were two experimental 
series. In one, series A, the severance of the pituitary stalk was followed 
later on by thyroidectomy, and in the other, series B, extirpation of 
the posterior and intermediate lobes of the pituitary was likewise 
followed by thyroidectomy. In both the series intact and thyroidecto- 
mized controls were taken from the same litter. Eor this purpose litters 
in which the majority of the individuals belonged to one sex were 
chosen, and only these individuals were employed. In a couple of large 
litters, however, both sexes were included. 

The rats were fed the whole time with grain, boiled potatoes, milk 
and lungs which were available under the rationing regulations in force. 
All the rats included in the investigation, viz. 45, were well developed 
and free of defects from the point of view of condition. When the rats 
were about 7 months old, the experiments were started by severing the 
pituitary stalk in series A and by extirpation of the intermediate and 
posterior lobes in series B. About one month later some of the rats 
operated upon and some of the control animals previously unoperated 
upon were thyroidectomized. After another B/j to 2 months the animals 
were killed. 


Results. 

A. Experiments with Severance of the Pituitary Stalk. 

The six intact animals used as controls showed in all respects 
normal qualitative cell conditions in the anterior pituitary. Their 
cell-picture entirely agreed mth the observations made on a couple 
of hundred normal, individuals belqnging to the strain of animals 
used. 
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The anterior lobe may be considered to be built up of two 
rather large lateral parts that hang together by a small isthmus 
below and behind the intermediate lobe. No differences between 

the two lateral parts were observed. 

In six cases thyroidectomy was carried out to verify that 
hypertrophy and vacuolation had arisen in the basophil cells. 
As on other occasions, typical cell reactions that were clearly 
visible in the two lateral parts of the anterior lobe were also ob- 
tained this time. 

In six Cases the pituitary stalk was cut off without any further 
operation being made. The stalk severance "was complete in four 
cases, but in the two other cases it was incomplete. In those 
cases in which the pituitary body was completely severed the stock 
of cells had altered in the direction of a more or less pronounced 
uniformity. Nor instance, the chromophii cells were so degranulated 
and diminished that the cell-picture was dominated by small cells 
of similar form, which could most closely be classified as chromo- 
phobic. 

A narrow fars tuberalis connexion with one of the lateral parts 
of the anterior lobe showed incomplete stalk section in one case. 
This lateral part with direct stalk connexion presented a normal 
cell-picture, whereas the other lateral part devoid of direct con- 
nexion showed a uniform cell-picture. The other case with partial 
stalk connexion exhibited a rather large intact portion of the 
stalk and a normal cell-picture. 

In the eight cases in which section of the pituitary stalk was 
later followed by thyroidectomy a complete break in the conti- 
nuity was observed in three cases and a unilateral one in four 
cases. Thus, in these four cases one lateral part of the anterior 
lobe was without direct stalk connexion, while its other lateral 
part was in immediate connexion with the hypothalamus by a 
narrow lateral piece of the pars iuheralis. The remaining eighth 
case exhibited a partial stalk break with a persisting relatively 
broad stalk connexion intact. 

When the break in the continuity of the stalk was complete 
there were no thyroidectomy cells. Nurther, a more or less pro- 
nounced uniform cell-picture was observed such as in stalk section 
not followed by thyroidectomy. 

Severance of the direct stalk connexion with one of the lateral 
parts of the anterior lobe and remaining contact between pars 
iuberahs and the other enables one of the lateral parts to be used 
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as a control when cell-changes are being studied in the other. 
In the four cases in question the lateral part furnished with a 
pars iuberalis connexion showed typical cell-changes Avith hyper- 
trophized and vacuolized basophil cells, while the other lateral 
part presented considerably less pronounced changes or a uniform 
cell-picture (Fig. 1). In the previously mentioned eighth case with 
a persisting wide stalk connexion there were typical cell alterations 
in both the lateral parts of the anterior lobe after thyroidectomy. 



Fig. 1. Uniform cell-picturo in one of the two lateral parts of the anterior pituitary, 
the corresponding pars — tuberalis — connexion haring been severed. No reac- 
tions of the basophile cells are discernible in spite of performed thyroidectomy. 

X 500. 


The results of the experiments in series A show that when the 
pituitary stalh including the pars iuberalis is severed hypertrophy 
and vacuolation are prevented from arising in the basophil cells after 
thyroidectomy. 


B. Experiments with Extirpation of the Intermediate and 
Posterior Lobes of the Pituitary Body. 

In two intact and in three thyroidectomized rats the pituitary 
cell-picture agreed entirely with what had been observed in this 
material of animals. 

The intermediate and posterior lobes of the pituitary were 
extirpated en bloc in six rats and no remains of the extirpated 
lobes could be discovered on the serially sliced pituitary prepara- 
tions in any case. The cell-picture of the anterior lobes left in situ 
showed no deviation from normal conditions. 
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ifone of the eeriaHy sectioned pituitaty bod.ea 
'“^Tthe extirpation be denoted ns incomplete, a emoU inconsid- 
erable group of intermediate lobe cells that had been left behind 

Sng oLrL here, whereas no traces of the posterior lobe conld 
L discovered. The eight anterior lobes left ™ situ 
typical post-thyroidectomy cell-changes in the form of hyper 
tropkized and vacuolized basophil cells (Fig. 2). 



Fig, 2. Several enlarged and some vacuolated basophilo cells in the anterior 
pituitary after thyroidectomy. The posterior and intermediate lobes have before 
then been extirpated, yet the cell-changes have independently developed. 

X 600. 


-After extirpation of the two other lobes the anterior lobe still 
retains connexion with the pars tuber alis of the stalk, which could 
he observed in the preparations in which the hypophysis and 
hypothalamus had been cut out en bloc. From the results obtained 
in experimental series A it was likewise evident that a single 
remaining pars iuberalis connexion is alone sufficient for typical 
cell-changes to arise after thyroidectomy. 

The experiments carried out show that lehen the anterior lobe 
is in connexion with the pars tuberalis of the stalk typical cell-changes 
arise after thyroidectomy independently of the intermediate lobe ^and 
the posterior lobe and the nerve fibres coursing them. 

On examination of those organs which, besides the pituitary, 
had been preserved it was found that microscopically normal para- 
thyroid tissue could he observed after thyroidectomy in almost all 
cases. Consistent with what was previously known, signs of atrophy 
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could be demonstrated -without exception in the gonads after 
complete stalk section, which was not the case after extirpation 
of the intermediate and posterior lobes dr when there was a re- 
maining pars iuberalis connexion. 

Table 1. 


Survey showing use of the material. 


Series A. Experiments with section 
of the pituitary stalk 

Series B. Experiments With extirpa- 
tion of the middle and posterior 
lobes of the pituitary 

Operation 

No. 

Operation 

No. 

StaUc section-thyroidectomy .... 

8 

Extirp. of middle & post, lobe- 


Stalk section 

6 

f.hyrmrlftntnmy . 

g 

Thyroidectomy 

6 

Extirp, of middle and post, lobes 

6 

Controls not operated on 

6 

Thyroidectomy 

3 



Controls not operated on 

2 


Discussion. 

Direct operation on the pituitary stalk showed in seven cases of 
eight that the response of the basophil cells to thyroidectomy was 
dependent on the stalk connexion. As this connexion had been 
completely broken off in three of these eight cases, basophil cell 
reactions were entirely precluded. As this part of the material is 
not large, it may be questioned whether chance factors have 
exercised any influence. Here, however, it is a question of distinctly 
observable obvious cell-reactions which arise obligatorily. More- 
over, their occurrence in the material used has been established. 
Even if the chance of cell-reactions not appearing be set so high 
as one in ten, the probability of their non-appearance owing to 
chance-factors in three cases is only one in a thousand. However, 
when judging the results of this mainly qualitative study account 
should be chiefly taken of systematic factors. The chief source of 
systematic error consists, as was pointed out, in inadequate 'stalk 
operations, but this source would seem to have been eliminated 
in the present cases. Another important question is whether the 
time interval between stalk section and thyroidectomy was made 
sufficiently long, for when vessels of the stalk are torn away the 
anterior lobe becomes the seat of nutritional derangements that 
ought to be given time to run their course. In no case did the time 
interval between stalk section and thyroidectomy fall below three 
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weeks, which should have been ample time for necrotic cells within 
the local isthmus areas to be absorbed and vanish. As residues of 
such processes there arise cicatrices of connective tissue centrally 
in the lateral parts of the anterior lobe. In all cases the anterior 
lobe was well supplied with capillaries. 

Whether it is the nerves or the portal vessels of the stalk which 
are of importance for the cell-reactions of the anterior lobe cannot 
be decided. Nor, probably, can this question be solved by experi- 
ments in which different centres of the hypothalamus are opera- 
tively destroyed. Certainly an important neurological question of 
localization might then be solved, but knowledge of the paths 
along which the impulses are transmitted will not be obtained by 
that means. An investigation by Borell (1945) argues' that the 
blood flow in the portal vessels passes in the direction from the 
pituitary, since he concludes that thyrotropic hormone from the 
hypophysis is deposited in tuber cinereum. Lastly, as a theoretical 
possibility unsupported by actual material, it may in this' con- 
nexion be pointed out that intact portal vessels may conceivably 
be necessary for the pituitary to react to thyrotropic impulses of a 
nervous or other kind. 

In the introduction it was mentioned’ that the significance of 
the stalk for pituitary function had been mainly analysed by 
indirect methods, i.e. experiments on the organs which are hor- 
monally influenced by the pituitary. The experiments conducted 
here on the cell reactions in the pituitary represent a more direct 
procedure. By a similar method the cell-reactions were studied 
direct in the hypophyseal anterior lobe by Westman and Jacob- 
soHN (1937). They found that stalk section prevents the arising of 
castration cells in the anterior pituitary of gonadectomized rats. 

In cold-exposed rats with sectioned pituitary stalk Brolin 
(1946) found that failure of the basophil cells to react to cold was 
coincidental ■with the fail'ure of the increase otherwise arising 
in thyroid' function to appear. Thus, there is full agreement be- 
tween this result and those gained here under other experimental 
conditions. 

The view that the thyrotropic function of the anterior pituitary 
is for the most part controlled without the mediation of the hypo- 
thalamo-hypophyseal pathway does not therefore seem to repre- 
sent the actual conditions. It may further be added that the view 
m question is based on experiments in which the completeness of 
the stalk section has been open to doubt. 

Acta phys. Scandhiav. Vol.H. 
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Summary. 

Complete sectiou of the pituitary stalk in the rat prevents 
hypertrophy and vacuolization from arising in the basophil cells 
of the anterior h 3 rpophyseal lobe after thyroidectomy. If the fars 
tuherdlis connexion is left intact, however, these cell-changes do 
not fail to appear. When the posterior and middle lobes have been 
extirpated, typical cell-changes arise in the anterior lobe after 
thyroidectomy. 

The changes in the basophil cell-picture are interpreted as 
a morphological sign of an increased th)T:otropic function. There- 
fore, the thyrotropic function of the anterior pituitary lobe is 
regarded as highly dependent on the stalk connexion with the 
hypothalamus. The system composed of the hypothalamus, stalk 
and anterior lobe reacts to thyroid insufficiency independently 
of the intermediate and posterior lobes and the nerve fibres running 
through them. The view that ‘the thjnrotropic function of the 
anterior lobe is essentially controlled without the assistance of 
the stalk seems to be untenable. 
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The Citric Acid Content of Older, especially 
Medieyal and Praeliistoric Bone Material. 
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One hundred and fifty years ago the English chemist Hatchett 
submitted his basic “Experiments and Observations on Shell and 
Bone”. Hatchett understood that bones from excavations might 
provide important evidence in the determination of the compo- 
sition of the bone substance. His conception of the time necessary 
for the destruction or decomposition of a certain collection of 
bones was founded on experiments which he made on the os humeri 
of a man brought from Hythe, in Kent, and said to have been 
taken from a Saxon tomb. 

My own interest in the citric acid content of bone material dates 
from Dickens’ discovery in 1940 of the high citric acid content 
of fresh bone material. The main problem was to determine the 
conditions for the extraction of citrate from the bone material. 
Contrary to what might have been expected from older solubility 
determinations the extraction of citrate was found to be a rather 
difficult process unless a strong acid was used. 

There is another fact illustrating the difficulty of extracting 
citric acid from bone material. In these experiments it was thus 
observed that bones buried in the ground for long periods and 
exposed to the decomposing factors of the humus layers and the 
atmosphere, still showed varying amounts of citric acid. 

The following observations were made by means of Pucheb, 
Sherman and Vickery’s method, with the improvements intro- 
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duced by Hunter and Leloir. All determinations were carried 
out on dried and finely pulverized material. 

The investigations have been previously reported in a Swedish 
publication; the values obtained are given here in Table I, showing 
the citric acid content of certain medieval bone specimens. 

Table 1. 

Ci-content 

° in p.p.m. 


Horse uncertain 1,000 

» » 900 

Cattle 16th century 2,200 

» » » 3,400 

Man uncertain 1,800 

» » 1,300 

» 1361 (the “Korsbetning” graves, Visby) 700 

» » i * » » 800 

Horse 13th century 6.600 

» » » 9,300 


Man uncertain (Ragnar Rnaphovdes Chapel, Vreta Closter Church) 1,100 


These figures can now be supplemented by analyses of consider- 
ably older material, reported in Table 2. 


Table 2. 


Approximate 

Locality age of the find 

in years 

Lund 750 

Stora Upp4kra, The Iron Age dwelling 1,500 

Gualov, MSlIehusen 4,000 

Agerod, The Stone Age Dwelling 7,500—8,000 


Approximative 
Ci-content 
in p. p. m._ 

9,000 

1,600 

100 

200 


The age of the fragments could to a certain degree be deter- 
mined under the microscope. The most recent fragments were least 
decomposed and the oldest most eroded. There are exceptions, 
however. Bone specimens dating from the same period may show 
rather different characteristics. A compact bone substance is 
evidently less easily affected by the destructive power of the 
humus layers and the atmosphere than is the spongy substance. 

As an indicator of the age of the bone the Ci-content can be 
used only with the greatest reservation and under special condi- 
tions. 

The examination shows thus that citric acid has been observed 
in all bones examined, even in* such as are many thousand years 
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old. It is probable, bowever, that still older bones can be found 
which are entirely free from demonstrable citric acid content. 
If, however, the Ci-combination of the osseous substance is of 
cementlike character, the osseous substance may be decomposing 
into powder and lose its character of bone fragment simultaneous 
with the liberation of the citric acid component. 

I wish to thank lecturer-curator H. Berlin, professor E. Sio- 
VALL, Professor D. Holmdahl and the city veterinary I. Sand- 
berg, who have supplied the material and helped to ascertain its 
age. The technical analyses were carried out by miss Anna-Lisa 
Sager and miss Birgit Ldndqvist. 

Summary. 

Citric acid can be observed not only in fresh bone specimens 
(Dickens) but also, in decreasing amounts, in bones which have 
been laying in the ground for thousands of years, exposed to the 
decomposing factors existing there. 


References. 

Dickens, F., Biochem. J. 1941. 35. 1011. 

Hatchett, Ch., Phil. Trans. 1799. 89. 315. 

Hunter, F. E. and L. F. Leloir, J. biol. Chem. 1945. 159. 295. 
Huyper, a. C., J. biol. Chem. 1945. 159. 411. 417. 

Thunberg, T, L., Svenska lakartidn. 1941. 38. 1629. 

Weeks, SIary Elvira, Discovery of the Elements, Fifth Ed. 1945. 
Easton, PA. 



From the Institute of Physiology, University of Upsala, Sweden. 


Studies on the Effect of Salyrgau on the Absorp- 
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The mechanism of the action of mercurial diuretics is still a 
matter of discussion. The renal action of mercurial diuretics has 
been known for a long time (Govaerts 1928, Herrmann and 
Deoherd 1937, Gukelberger 1944), and some authors state 
there is also an extrarenal action. Thus studies on alterations in 
blood chemistry of nephrectomized salyrgan treated rabbits have 
shovra a decreased concentration of hemoglobin — interpreted as 
hydremia — and at the same time an increased concentration 
of the blood chloride (Moller 1930). On individuals with intact 
kidneys, decreased values of hemoglobin and plasma proteins — 
interpreted as hydremia — have been foimd during the initial 
period of mercurial diuretic action and sometimes increased con- 
centration of blood chloride has appeared. Both phenomena oc- 
cured before any great increase in the excretion of chloride and 
water by the kidneys appeared (Saxl and Heilig 1923, Bohn 
1924, Crawford and Me Intosh 1925, Claussen 1932, Moller 
1937). An extrarenal action of mercurial diuretics is also deduced 
from observations on the increased velocity by which intracutane- 
ous saline wheals disappear on normal individuals (Engel and 
Epstein 1931), as well as from observations of a more rapid 
flow of edema fluid from Curschmann needles placed in edemat- 
ous tissue (Hopf 1925, Tscherning 1927, Offenbacher 1928) 
and a more rapid appearance in the blood of subcutaneously in- 
jected sodium fluorescinate (I5onath and Tannb 1927). 
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However, this extrarenal action of mercurial diuretics is not 
generally accepted, but is denied by several investigators who 
have not been able to find any initial decrease in tbe concentration 
of plasma proteins (Schmitz 1933, Bryans et al. 1935). Some 
authors working with this problem found a continuous decrease 
of the plasma volume (Evans and Gibson 1937, Calvin et al. 
1940). Others, on the contrary, found alterations in both direc- 
tions (SwiGERT and Eitz 1940). The divergent results can pos- 
sibly depend upon different experimental material. 

In order to investigate the existence of an extrarenal action 
of mercurial diuretics, the authors have studied the • absorption 
of water and colloid from the knee joint of rabbits before any 
increased diuresis has been caused by the renal action of the drug. 
The method used for the study of water and colloid absorption 
from the knee joints has been worked out by one of the authors 
(Edlund, unpublished). 


Methods. 


Male rabbits were employed of about 2 kg of weight, supplied with 
usual food and water ad libitum. In the experimental series salyrgan 
treated and non-salyrgan treated rabbits have been used alternately 
with the same solution of hemoglobin. 

Narcosis: 25 per cent urethane, 6 ml per kg of body weight, injected 
i. V. in order to get complete muscular relaxation. The injection of 
urethane lasted 10 — 15 minutes. 

30 minutes after the end of the urethane injection blunt needles 
(length 18 mm, thickness 0.7 mm) were passed through the patellar 
tendon so that the point of the needle was located in the suprapatellar 
recess. The needles were then sutuiated to eliminate any tissue leakage, 
0.85 ml, 5.5 g per cent, sterile, 38° C solution of human hemoglobin^ 
made isotonic with rabbit plasma by means of sodium chloride and 
10 mg per cent of calcium (CaCls), was injected as soon as the needles 
were in place. After 40 minutes O.os ml of the intraarticular fluid was 
withdrawn for determination of hemoglobin concentration (“the final 
concentration”). Immediately afterwards the joint cavity was Washed 
out with ] . 0 ml isotonic saline by means of ten consecutive injections 
and aspirations, and the concentration of hemoglobin in the washing 


^ The oncotic pressure of this solution, calculated according to Adaib (1928) 
and corrected for temperature (38° C) according to Wells et al. (1936), is 270 
mm of water. The following formulas have been used: 


Oncotic pressure of the hemoglobin solution = g ~ P of .H-O); 

K = 3700; V = B = 2.54; Px = p t and t,; 

lib cone, m g per cent t 


absolute temperatures in' degrees of C. 
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fluid was determined. From the values so obtained the absorbed amount 
of fluid and colloid was calculated.^ 

The hemoglobin was determined as alkaline hematin according to 
Wu’s method (1922) modified by Peters and v. Slyke (1935). A 
Pulfrich photometer was used, filter S 50, 1 cm cuvette. The error 
of the method is ± O.os g per cent. 

The mercurial diuretic used was salyrgan given in doses of 4 — 5 mg 
per kg of body weight. It was injected as a 1 per cent solution i. v. 
10 minutes before the absorption period began in the right knee joint 
and 15 minutes before in the left knee joint. 

The diuresis was measured on 6 animals during the first hour after 
the salyrgan was given by exposing the bladder and pimcturing it. 
The volume of urine varied between l.o — 2.5 ml per hour, the same 
diuresis as in non-salyrgan-treated rabbits. As known from previous 
investigations one cannot expect a much increased diuresis in rabbits 
with the doses employed and the main diuresis appears later than one 
hour after the salyrgan injection (Molleb 1930). 

The knee joints were kept in a flexion of 60° during the experiments. 
Animals who showed an amount of red blood corpuscles in the washing 
fluid exceeding 8,000 per cubic mm, and animals who moved their 
legs during the experiments were excluded. The body temperature 
was held within physiological limits during the experiments by means 
of an electrically heated operation table. 


Besnlts. 


The absorption of hemoglobin and fluid was calculated for 
each knee joint and the means of the results from the two joints 
of each rabbit were treated statistically. 


The following formulas have been used: 

Standard error of the mean = ^ 

Xi — X2 I / ni • n2 


S(X — X)» 
n(n-l) ’ 


t = 


Hi + na’ 


For the statistical meaning of “the t test”, see Yvle and Kendall 
(1946). 

^ With the same method as previously described for the determination of the 
amount of hemoglobin absorbed, it has been shown in control experimei^s usmg 
suspensions of agglutinated red blood corpuscles instead of hemoglobin that 
the amount of blood corpuscles recovered equals the amount injected. In other 
control experiments simSar to the absorption tests previously mentioned the 
joints have been washed with a concentrated suspension of red blood corp^cies 
(0.1 ml by volume), thus eliminating the intermittent increase in the intraarticuiar 
pressure, which accompanies the washing With saline. The results thus obtamea 
show the same absorption values as when the washing was made with 1 cc ot 
isotonic saline (Edlund, unpublished). 
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The results are tabulated below. 


Table 1. 



Untreated 

rabbits 

Salyrgan 
treated rabbits 

Differences ± 
standard errors 


(n = 15) 

(n = 14) 

t values 

The amount of hemoglobin 
absorbed in per cent of 
the amount injected 

49.7 ± 2.4 

69.0 ± 1.5 

9.3 ± 2.8 
t = 3.28 

The absorption of fluid in 
ml 

0.230 ± 0.027 

0.41D ± 0.020 

0.180 ± 0.034 
t = 5.18 

The final concentration of 
hemoglobin in gram per 
cent 

3.8C ± O.OC 

4.45 ± 0.07 

0.50 ± 0.10 
t = 6.15 


From the table it is clear that the absorption of colloid and 
particularly of fluid has increased during salyrgan treatment. The 
final concentration of hemoglobin is higher among the sal 3 Trgan 
treated rabbits, indicating a relatively increased absorption of 
fluid. The statistical analysis shows that the differences are 
significant. 

Discussion. 

The results above show that the salyrgan treatment increases 
the absorption of water and colloid from the joints. This occurs 
before any increased diuresis can be measured as a sign of renal 
action of the drug. J oint cavities were used as convenient objects 
for studying absorption conditions of mesenchymal tissue, as 
they genetically can be looked upon as mesenchymal tissue spa- 
ces. For mesenchymal tissue it is stated that a colloid of a 
molecular weight matching that of hemoglobin is absorbed to the 
greatest extent (Lewis 1921), or exclusively (Field and Drin- 
ker 1931, Barnes and Trueta 1941) via the lymphatics. Ex- 
periments made on absorption conditions of joints show no spe- 
cific absorptive properties that make them differ from mesen- 
chymal tissue (Bauer et al. 1933, Rhinelander et al. 1939, 
Adkins and Davis 1940, Bauer et al. 1940). 

In the untreated animals the absorption of water from the 
joint cavity is possible both via blood capillaries and lymphatics. 
According to the current theories the passage of fluid from the 
capillaries and the absorption of fluid to them is regulated by the 
following factors: 
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o o the minimum pressure which will force water into the joint 

eavity (intraarticular oncotic pressure of the hemoglobin solution minus intra- 
articular hydrostatic pressure). 

Each point of the graph is the mean of 15 independent values of oncotic (hemo- 
globin) and intraarticular hydrostatic pressures on a material which equals that 
of the untreated animals in this investigation. The oncotic pressure of the hemo- 
globin solution has been calculated according to the formulas previously referred 
to. The intraarticular pressure was measured with a compensation manometer. 
In no point of the graph the standard error of the mean exceeds ± 7 D!™ of 
Water. (Edluitd, unpublished experiments.) 

average and range of calculated maximum pressure forcing water 

out of the joint cavity into the blood capillaries (oncotic pressure of the rabbit 
plasma 25.9—33.0 cm of water minus hydrostatic pressure in the venous end of 
the capillaries^ 16 — 17 cm of water). See text. 

1. Oncotic and osmotic pressure differences between tbe capil- 
laries and the surrounding tissue. 

2. Hydrostatic pressure differences between the capillaries and 
the surrounding tissue. 

By regarding only the oncotic pressure of the hemoglobin 
solution and the intraarticular hydrostatic pressure during the 
40 minutes the experiments lasted, the magnitude of the mini- 
mum pressure which' will force water into the joint cavities (in- 
traarticular oncotic pressure minus intraarticular hydrostatic 
pressure) is illustrated by figure 1. 
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The oncotic pressure of rabbit plasma is 25.9 — 33.0 cm of 
water (Tada and Nakazawa 1930). It is assumed that tbe ca- 
pillary pressure in the venous capillaries is of the same magnitude 
in the rabbit as found in man, guinea pig and rat, i. e. 10 — 17 
cm of water (Landis 1930 a, b). Therefore it is evident according 
to current theories, that one cannot expect any net absorption 
of fluid from the joint cavity to the blood capillaries, when one 
considers the magnitude of this minimum pressure which tends 
to force water into the joints. On the contrary, passage of fluid 
even from the venous end of the blood capillaries might be 
expected. 

Neither can we presume any net absorption of fluid in the 
salyrgan treated rabbits, if only hydrostatic and oncotic factors 
are considered. The mean intraarticular oncotic pressure of hemo- 
globin is higher in these animals during the experiments and 
the intraarticular hydrostatic pressure presumably lower, owing 
to a decreased mean intraarticular fluid volume. Moreover 
the oncotic pressure of the plasma in salyrgan treated rabbits 
decreases during the first two hours after treatment, owing to 
a supposed hydremia (Kylin 1932). A similar decrease in the 
oncotic pressure after salyrgan treatment is also observed in man 
(Meyer 1931). 

The mechanism of this extrarenal action of salyrgan is un- 
known. Studies, already mentioned, on increased flow through 
Curschmann needles and earlier appearance of sodium fluores- 
cinate in the blood after treatment with mercurial diuretics 
(Tscherning, Hoff, Offenbacher, Donate and Tanne) have 
been made on edematous individuals, a material so different from 
ours, that comparisons are useless. 

The absorption of fluid in the way observed by us can be in- 
fluenced by, among other things, alterations in the following 
factors; 

1. An increase of the total osmotic 'pressure of the plasma. Such 
an increase is not improbable. Moller (1930) observed an in- 
crease of the blood chloride values on nephrectomized rabbits, 
which he supposed to be caused by mobilization of tissue fluid, 
rich in chloride, to the blood. During the first hour after salyrgan 
treatment some investigators found increased values of plasma 
chloride on individuals with intact kidneys (Saxl and Heilig 
1923, Bohn 1924). Others, however, found normal chloride values 
and no great changes in the concentration of other ions (Cdaitssen 
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1932, Nothmann 1933). Only small changes in the concentration 
of the blood electrolytes are required to cause important osmotic 
pressure differences (1 mN of chloride = 23 cm of water). Even 
if the effect of this osmotic pressure difference is determined hy 
the differences in the diffusion velocities between water and 
electrolytes through the synovial membrane, and even if the 
effect lasts only for a short period, this factor cannot be neglected. 
The ‘duration of the period during which intracutaneously injected 
saline wheals disappear with increased velocity after treatment 
with mercurial diuretics is only about an hour (Engel and Ep- 
stein). This may imply that the increased absorption from the 
joints observed may be an effect found only during the first period 
of the drug action. 

2. Changes in the blood circulation of the synovial membrane. 
A vasoconstriction is observed in the vessels of the rabbit kidney 
after salyrgan injections- and in perfusion experiments on rabbit 
ears and frog hind limbs using concentrations of salyrgan within 
therapeutical ranges (Molleb 1932). A similar ischemia of the 
s 3 rnovial membrane resulting in a decreased passage of fluid 
from the blood capillaries into the joint might give the impression 
of an increased absorption of fluid. 

3. Increased absorption by the lymphatics. Earlier published in- 
vestigations on the effect of mercurial diuretics on the flow of 
lymph from the thoracic duct (Melville and Stehle 1928, 
Claussen 1932, Watkins and Fulton 1938) do not permit 
any conclusions about the lymphatic absorption from the knee 
joint. 

If any of the factors mentioned cause the increased absorption 
of water observed by us, it is at present impossible to decide. 
Changes in the permeability of the endothelium of blood and 
lymph capillaries or changes in the permeability of connective 
tissue similar to those caused by the action of “spreading 
factors^’ might be of importance, but no such effects of mercurial 
diuretics have been found in the literature. 

The increased absorption of colloid may be caused by the 
higher mean concentration of hemoglobin, following the increased 
absorption of water in the salyrgan treated rabbits. Similar re- 
sults concerning the absorption of hemoglobin have been found 
in untreated animals, if the mean concentration of colloid is 
higher during the experiments (Edlund unpublished). 
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Summary. 

The authors have found an increased absorption of colloid and 
particularly of water from the knee joints of normal rabbits 
treated with salyrgan during the first hour after the administra- 
tion of the drug. Some possible explanations of this action of the 
drug are discussed, but the mechanism remains unapprehended. 
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An Instrument for Producing Brain Lesions 

in the Bat. 

By 
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Beceivcd 15 July 1947. 


The instrument •which has almost exclusively been used pre- 
viously is Horsley and Clarke’s (1908) .stereotaxic instrument. 
There has never been any important modification of the original 
construction of this although the technique for localisation of 
the brain lesion has recently been improved by combining X-ray 
photography (Ranstrom, 194:7). For large laboratory animals, 
especially the cat, this instrument ■works completely satisfactorily, 
but its complicated and relatively , coarse adjustment mechanism 
renders it less suitable for rats. The- need "which often arises now 
for small precise bilateral symmetrical lesions, exactly localised, 
thus also necessitates the construction of another instrument, 
easily manipulated, working with adequate precision, and based 
on another principle. 

Description of Instrument. 

Holder for the head: Fixation of the head in a definite position 
in relation to the electrode is done by means of an appliance 
which is removable from the remainder of the instrument (Figs. 
1 and 2). The metal tongue c is placed in the animal’s mouth 
so that its rubber cushion presses on the upper molars. The tips 
of the incisors rest in the groove b and are held in position by 
the strap a which screws firmly over the nose. By means of the. 
screw f the head can be moved in a rostro-caudal direction, 
whilst the screw d gives a suitable inclination in the sagittal 
plane. The spiral spring of the screw e presses the head up against 
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Fig. 1. Cross section through the holder for the head. 2/3 actual size. 



Fig. 2. Detail of the head holder showing application of fixation pins. 

the three fixation pins g in such a way that the single rostral 
pin comes to he placed in the intersection between the coronal 
and sagittal sutures. The caudal pair of pins together with the 
previous pin fix the roof of the skull perpendicularly to the 
electrode. — The dimensions of the holder are suited to female 
rats of weight 170 g.to 210 g. 

Electrode guide: The construction of this is seen from Figs. 3 
and 4. The electrode holder runs in a cylinder of hakelite material 
to prevent lateral movements. It is suspended by a support 
from a shaft, the rotation of which raises or lowers the electrode 
and which is mounted in such a way that the electrode may be 
held at any desired height. The weight of the electrode holder 
is arranged so that it just causes the electrode to sink down 
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through the brain but not through the basal dura. The height 
of the tip of the electrode above the base of the skull or its depth 
under the cortical surface can be read ^vith an accuracy of 0.05 
mm on the indicator scale (see Fig. 3). The electrode may suit- 
ably consist of a nichrome wire of 0.3 mm diameter insulated 
18 — i721Gl. Acta phys, Scandiiiav. Vol, Pi, 
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Fig. 6. General view of the entire instrument with the movable pantograph pencil 
and its co-ordinate system on the right. 

■\vitli stellac except for tlie bltmt tip wbicb is free from insulation 
for a distance of 0.3 mm. 

Arrangement /or the adjustment of the electrode in the horizontal 
plane: The adjustment is based on the pantograph principle as 
^vill be seen from Eig. 5. The construction is such that the elec- 
trode moves one tenth of the distance traversed by the panto- 
graph pencil. This pencil can be moved ■within a system of co- 
ordinates dra'wn on millimeter cross-ruled paper. The zero point 
of this co-ordinate system is that position of the pencil where 
the electrode is situated immediately above the tip of the rostral 
fixation pin. By moving the pantograph pencil the tip of the 
electrode is brought to bilaterally symmetrical points to 'within 
0.1 mm. 

Electrical circuit: The electrode is connected as an anode to 
a circuit containing a 12 volt battery through a fixed resistance 
of 1 ki? (to prevent a short circuit if the resistance between 
anode and cathode should approach zero), a variable resistance 
of 50 and a milliammeter. The metal tongue c (Kg. 1) serves 
as a neutral electrode. 

Lesion Technique. 

Under nembutal anaesthesia (4.2 mg intra-peritoneally per 
100 g body weight) a mid-line incision is made through the skin 
over the roof of the skull. Two bilaterally symmetrical holes are 
then drilled through the bone down to the dura at the desired 
site. The head is then fixed in its holder and the tip of the elec- 
trode brought to the desired region of the brain by means of the 
pantograph co-ordinate system and height adjustment of the 
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Fig. 6. Frontal section through the hypothalamus of the rat. Bilateral symmetrical 
lesions in the rostral part of n. supraopticus. Galloeyanin-chrome alum according 
to ErNABSON. 10 « section, x 17. 

electrode holder. (Just as in the Horsley-Clarke stereotaxic 
instrument the co-ordinates, for example those of a required brain 
nucleus, must, of course, first be determined empirically by a 
serial section examination.) For basal lesions the most reliable 
height adjustment is attained if the electrode is first permitted 
to sink to the base of the skull by its own weight and is then 
raised to the required height. The electrolytic lesions are pro- 
duced by a cmrent of 0.5 to 1.0 mA applied for 20 to 60 seconds 
depending on the size of the lesion required. 

A necessary condition for reproducible results is, of course, 
that the variations in the position of the intersection of the 
coronal and sagittal sutures are not large. It has been found that 
this condition is fulfilled if inbred (8th generation) rats of the 
same sex and weight are used. Fig. 6 shows the bilateral sym- 
metry for lesions in the rostral part of n. supraopticus. 

Summary. 

An instrument based on the pantograph principle for pro- 
ducing bilateral symmetrical brain lesions in rats is described. 
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Investigations on the enzymology of the "acid” phosphatase 
present in hunaan semen and prostatic tissue have heen carried 
out mainly by Kxjtscher, the discoverer of this enzyme and his 
co-workers (Kutscher and Wolbergs (1935), K. and Worker 
(1936), and K. and Pany (1938)). They have established a con- 
siderable irreversible inhibition by various organic solvents -with 
narcotic properties such as alcohols, urethane and even ethyl 
ether. A solution of the enzyme treated -with ether for one hour 
is completely inactivated. The authors assume that this phenom- 
enon is connected -with the high state of purity of their pre- 
parations. Against this view speaks the observation that differ- 
entiation between prostatic and other acid phosphatases in human 
sera may be obtained on treatment with alcohol (Herbert, 
1944). The prostatic phosphatase is strongly inhibited by fluoride, 
as is the rule for acid phosphatases. This inhibition is due to 
some kind of competition between fluoride and substrate for the 
enzyme (Kutscher and West, 1941). The findings of Ohlmeyer 
(1942) that magnesium is present in prostatic phosphatase as 
an activator and that the fluoride inhibition is increased on 
addition of magnesium seem to suggest a rather complex inter- 
relation involving possibly a Mg-enzyme-fluoride respectively 
Mg-enzyme-substrate complex. 
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The optimum. pH for the prostatic enzyme was found by 
Kutscher and Wornee (1936 II) to he 5.2 — 6.2, when glycero- 
phosphate was used, and, 4.0 — 5.4 when phenyl phosphate was 
used as a substrate. These determinations were, however, only 
approximate. Strojer Rasmussen (unpublished data) in the case 
of phenyl phosphate found optimum pH to be 5.8 — 6.2, whereas 
From Hansen (1946) and Riisfeldt (1946) found pH 5 to be 
the optimal reaction for the same process. Gutman and Gutman 
(1940) investigated the acid phosphatase in serum from patients 
with metastasizing carcinoma of the prostate and found the 
optimum pH to be about 5. Thus there appears to be some diver- 
gency on this point. 

The purpose of the present investigation is to throw some light 
on the splitting of phosphoryl choline, the natural substrate 
of the prostatic phosphatase (Lundquist, 1946, 1947) as compared 
with the phosphoric esters commonly applied in phosphatase 
experiments, /3-glycerophosphate and phenyl phosphate and thus 
to find out whether the enzyme is especially well adapted to the 
conditions prevailing in human ejaculate. 


Optimum Conditions for the Enzjmie Activity. 

In order to compare the activity of prostatic phosphatase towards 
the three phosphoric esters mentioned, it was essential first to deter- 
mine the optimal hydrogen ion concentration for the process. Attempts 
Were made to determine the pH-activity curves at constant ionic 
strength as this factor is often neglected, though it may sometimes be 
of considerable significance. Buffer solutions containing oxalic (pK 2 = 
4.3), fumaric (pK2=4,5), succinic (pK2=5.5) and maleic acid 
(pKj = 6.6) Were made in such a way that the ionic strength was the 
same throughout the interval pH 3 — ^pH 7.5. This was facilitated 
by using a relatively small concentration of buffer in O.i m sodium 
chloride. A platinum electrode in the buffer solution containing a* 
mixture of ferro- and ferricyanide showed a nearly constant potential 
throughout the pH interval used. The electrode potential is independent 
of pH, but highly sensitive towards variations in ionic strength (Beo- 
DEESEN, 1944). "V^en the activity was tested in these buffers it was, 
however, observed that the curves obtained were not smooth but 
exhibited considerable displacements when shifting from one buffer 
substance to another. This phenomenon was most evident with oxalate 
buffer which in the concentration used ( 2.5 >10“^ m) brought about 
a strong inhibition of the enzyme. Inhibition of phosphatases by 
oxalate has been observed by other authors. 

The procedure finally adopted for determining the pH-activity 
relation was to use acetate buffers of constant ionic strength and 
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to take advantage of tlie buffer properties of the substrate substance 
itself in the region pH 5.5— 7.5. The solutions were prepared in the 
following Way: 

Acetate buffers Were made by mixing 0.15 m sodium acetate with 
0.15 m acetic acid containing 0.15 m sodium chloride. Any mixture 
of these solutions have the ionic strength 0.16. The substrate solutions 
were made by mixing a O.os m solution of the secondary sodium salt 
with a solution of the primary salt, obtained from the secondary 
solution on addition of the calculated amount of hydrochloric acid 
plus 0.05 m sodium chloride. Through this procedure the ionic strength 
is kept constant at 0.15. The solutions used in the experiments are 
mixtures of equal parts of buffer and substrate of approximately the 
same pH. The pH has been controlled in all cases by potentiometric 
measurement with a glass electrode using a Radiometer instrument. 
The substrate concentration in the final solution is 0.O25 m and the 
ionic strength 0.15. The same substrate concentration has been used 
throughout without regard to different affinity between the enzyme 
and the three phosphoric esters employed. In the case of phosphoryl 
choline, the calcium salt was used, though this means a deviation 
from the principle of constant ionic strength. The phosphate liberated 
was determined by the method of Risks and Subbarow (1925) using 
a Risher electrophotometer. The enzyme preparations were either 
prostatic secretion or seminal fluid, diluted approximately 500 times 
with water and centrifugated. 

Typical curves are reproduced in figures 1 — 3. The net result 
was that the optimum reaction for the splitting of glycerophos- 
phate and phenyl phosphate is very nearly the same, viz. pH = 6. 
The pH optimum of phosphoryl choline splitting appears to be 
a little to the alkaline side of 6 (about 6.3), tmder the conditions 
described. In 0.1 m citrate buffer it was found to be 6.2. No 
special precautions were taken with regard to the ionic strength 
in this case. 

The inhibition of prostatic phosphatase by various substances 
was investigated in some detail. It was observed both with anionic 
and cationic substances: oxalate, maleinate, fluoride and zinc. 
It was further noticed that the inhibition in some cases was 
diminished or prevented by citrate. When 0.02 m citrate was 
added to the buffer-substrate mixtures described above a rise in 
phosphate liberation was ascertained in the case of ^-glycero- 
phosphate (generally from 10 to 30 % but sometimes more) and 
phosphoryl choline — both the calcium and sodium salts — (from 
100 to 600 %), but not or only to an insignificant degree with 
phenyl phosphate. This finding was quite surprising in so far as 
citrate has been found rather to inhibit, this phosphatase some- 
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Fig. 1. The relation between pH and the rate of hydrol 37 si 8 of Calcium phosphoryl 
choline chloride in acetate buffer. Substrate concentration 0.025 molar. 



pH 


Fig. 2. The relation between pH and the rate 
of hydrolysis of Sodium /^-glycerophosphate in 
acetate buffer. Substrate concentration 0.025 
molar. Ionic strength 0.15. 



Fig. 3. The relation between pH and the 
rate of hydrolysis of Sodium phenyl phos- 
phate in acetate buffer. Substrate con- 
centration 0. 025 molar. Ionic strength 0.15, 


what (GuTMAif and Gutman (1940)). The possibility of impurities 
in the phosphoric esters employed was considered. Two prepara- 
tions of sodium phenyl phosphate were used; one synthesised 
•according to Freeman and Colver (1938) in this laboratory, 
the other was a pure product from the British Drug Houses. 
Two preparations of sodium /5-glycerophosphate were also used, 
one synthesised by the -writer, the other from B. D. H. Galcium 
phosphoryl choline chloride was synthesised by the method of 
Plimmer and Burch (1937). It was a beautiful white crystalline 
substance showing the composition reported by Plimmer and 
Burch. In the first preparations technical calcium hydroxide 
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was used for neutralising the phosphoric acid excess. It was a 
possibility that this substance was contaminated with fluoride. 
A batch made with calcium hydroxide prepared from the purest 
calcium chloride behaved, however, similarly. In addition to the 
activating or anti-inhibitory effect of citrate it was also observed 
that the double determinations agreed much better when citrate 
was added, most striking in the case of phosphoryl choline. 

Table 1. 

Inhibition of prostatic phosphatase with various substances and the 
influence of citrate on the inhibition. Substrate 2.jo~- m p- glycero- 
phosphate, pii 6.0. (Acetate buffer.) The results arc expressed as 
”/<> of the value without addition of inhibitor, (“normal”). The 
normal values with citrate addition were JIB — ISO ?• of those with- 
out citrate. 


Addition 

Cone. 

mol/litcr 

Rate of phosphate liberation, 
% of normal 

without citrate 

with citrate, 
1.67.10-2 m 

normal 

■■ll 

100 

100 

Sodium fluoride 


0 

43 



0 

111 

— 


100 

9S 

Zinc chloride 

2.0. 10-2 

G 

- 

— 

1.67 .lO-’ 

75 

100 

Sodium oxalate 


55 

55 

Sodium malcinatc 

IQQQII 

5.3 

99 


Table 1 shows some typical inhibition experiments. Under the 
circumstances of the experiments, oxalate is the only one of 
the four substances investigated which is not counteracted by 
citrate. Bamann and Salzer (1936) have observed a similar anti- 
inhibitory effect of citrate with Taka phosphatase. They observed 
that the phosphatase preparations contained an inhibitor which 
was counteracted by citrate (0.04 m). This anti-inhibition was 
not seen below pH 4, a fact which may perhaps indicate that 
the enz;pne is more susceptible to inhibition at low pH values. 
If this is the case with prostatic phosphatase the difference in 
shape of the pH-activity curves of phenyl phosphate on one 
side and glycerophosphate and phosphoryl choline on the other 
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may be due to tbe greater affinity of phenyl phosphate (see 
below) for the enzyme and the resulting small susceptibility to 
inhibition by some naturally occurring inhibitor. If the inhibition 
be abolished all three curves probably should be very much like 
the phenyl phosphate curve. Bamann and Salzer further ob- 
served that citrate addition displaced the pH optimum towards 
the acid region. A similar phenomenon may perhaps occur in 
the case of prostatic phosphatase thus accounting for the discrep- 
ancy between the results of the present writer and those of the 
majority of other investigators, and also explain the result with 
phosphoryl choline in citrate buffer, mentioned above. 

The activation through fluoride appearing in table 1 at inter- 
mediate concentrations when citrate is' present has been con- 
firmed on repititions of the experiment. Any influence of citrate 
on the inorganic phosphate determination (compare Lundsteen 
(1938)) was not observed at the low concentrations used. Phosphate 
standards containing the different substances have been used 
throughout, but no influence on the colorimeter value was ob- 
served. In the following experiments on affinity and activation 
energy addition of 0.02 m citrate was made the rule in order to 
eliminate the influence of small amounts of inhibiting substances, 
evidently often present in the enzyme preparations. 


The Energy of Activation. 

Phosphoryl choline is a rather remarkable substance being a 
strong base as well as a strong acid. The substance crystallises 
at the same time as chloride and calcium salt and in solution it 
must be present as an amfoion within most of the pH scale. 
It was considered of interest to investigate the activation energy 
when this compound is split by prostatic phosphatase as compared 
with the activation energy of glycerophosphate and phenyl phos- 
phate splitting. The activation energy for the hydrolysis of ^- 
glycerophosphate by bone phosphatase from cat and man was 
found by Bodansky (1939) to be 9,940 cal/mol in both cases. 
The present experiments were made with 0.020 m substrate in 
acetate buffer as described above. The citrate concentration was 
0.02 m. Four different temperatures were used: 0, 12.5, 25, and 
37 degrees centigrade. The time of reaction was adjusted after 
preliminary experiments in such a way that the same degree of 
hydrolysis was obtained at all temperatures. Fig. 4 shows the 
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Fig. 4. Evaluation of activation energies. Substrate concentration 0.020 molar. 
Citrate concentration 0.020 molar. Acetate buffer, pH == 6. Curve 1. phonyl- 
pbosphate, cupe 2. /^-glycerophosphate, curve 3, phosphoryl choline. The relative 
position of the curves in vortical direction is quite arbitrary. 


xesults wlieti log of tlie leaction xato (in atbitiaxy units) is plotted 
against the inverse of the absolute temperature. The slope of 
the straight lines times the gas constant R measures the activ- 
ation energy, A. 


A=RT- 


dlnv 

df" 


The numerical values found "were: 

j6-Grlycerophosphate 11,300 cal/moi 
Phenyl phosphate 11,800 — 

Phosphoryl choline 11,700 — 
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The difference between these values is probably within the 
experimental error. A survey of the scant literature on the sub- 
ject (cf. e. g. Sizer (1943)) makes it clear that it is not a general 
rule that an enzyme shows the same activation energy towards 
different substrates. Any interpretation of the fact will not be 
attempted here. 

The Affinity between Enzyme and Substrate. 

Experiments were made to estimate the dissociation constants 
of the enzyme-substrate complexes (the Michaelis constant). 
Kutscher and Worker (1936) have measured the reaction rate 
at various concentrations of /^-glycerophosphate. These results 
may be used for determining the dissociation constant in question. 
When m/v is plotted against v, m being the substrate molarity 
and V the velocity of phosphate liberation, a straight line should 
be obtained if the reaction follows the simple scheme of Michaelis 
and Menten (cf. Lineweaver and Burk, 1934). The slope of 
this line equals the velocity at infinite substrate concentration 
(V), and the intersection with the ordinate axis is K„,/V. The 
results of ELutscher and Worker (1936) arrange themselves 
about a line giving about 0.028 in the one case and 0.015 
in the other case (with "gealtertes Ferment”). 

The experimental solutions employed in the present experiments 
were prepared by mixing the substrate and buffer solutions of 
pH 6.0 in various proportions. At the highest concentration used 
— 0.04 m — no buffer was added, the buffer capacity of the 
substrate itself being sufficient. All the solutions had equal ionic 
strength. A large number of these experiments with Ca phos- 
phoryl choline chloride were unsatisfactory and had to be dis- 
carded. This was probably due to the influence of the calcium 
ions on the phosphate determinations. When the sodium salt was 
used, very good results were obtained. A solution of the sodium 
salt was prepared from the calcium salt on addition of sodium 
carbonate, oxalate being avoided as a means for precipitating the 
calcium ion, on account of the inhibition mentioned above. 

Table 2 shows the results of these experiments. The dissocia- 
tion constant (Michaelis constant) and the affinity between 
substrate and enzyme, — AGr are recorded. JG is calculated as 
BTlnKnj. When citrate is added and the substrate concentra- 
tion is 0.025 m, phenyl phosphate is hydrolysed about twice as 
rapidly as the two other substances. 
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Table 2. 


Affiniiy between prostatic phosphatase and various substrates. Km is 
the Michaelis honstani as obtained from curves like those of figures 
5 — 7. The concentration of citrate, when added, teas O .02 m. 


Phosphoryl choline 

Temp. 

Citrate 


— JG 
(cal/mol) 

ylR 

(cah/raol) 

Calcium salt 

37° 


62.5 

2,500 


— 

37° 

— 

G2.T 

2,540 


— 

37° 


97.1 

2,810 


Sodium salt 

37° 


46.7 

2,360 


1 

0° 


45.8 

2,150 

(0) 

(9-Glyccrophosplinto 






Sodium salt 

37° 

+ 

54.0 

2,450 


— 

37° 


78.7 

2,680 



37° 

-f 

95.4 

2,800 



0° 


129 

2,640 

(1,600) 

Phenyl phosphate 






Sodium salt 

37° 

— 

1,130 

4,300 


— 

37° 

— 

942 

4,210 


— 

37° 

+ 

1,065 

4,280 


— 

0° 

+ 

1,350 

4,070 

(1,100) 


0° 


1,290 

4,040 

(1,300) 


A few experiments were made at 0° in order to in%'estigntc the 
dependence of the affinity on temperature, thus making possible 
an evaluation of the heat of reaction and the entropy change 
in the binding process. We have: 




dT 


When AB. and AG are known. zIS may easily bo obtained from: 
AG zlH T’ZlS. Some typical experiments axe shown in 
figures 5—7 in order to give an impression of the experimental 
error, which is in fact considerable, when it is taken into account 
that the uncertainty in evaluating the small distance on the 
ordinate axis is determinative of the error in the evaluation of 
Kn,. The difference found between at 0° and 37° is probably 
within the experimental error. We may state that = 0 ± 1,600 
cal/mol for the three reactions considered. In the case of phos- 
phoryl cholme and glycerophosphate is calculated to about 
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0 100 200 300 400 

Substrate cone. 10*^' m 



Fig. 5. Evaluation of the binding between Fig. 6. Evaluation of the binding between sub- 
substrate and enzyme. Sodium phosphoryl strate and enzjrme. Sodium iff-glyoeropbosphate 
choline chloride in acetate buffer, pH = 6, in acetate buffer, pH = 6. Temperature 37“ C. 
O at 37“, • at 0“ Celsius. 





50 100 150 

Substrate cone 10^-' m 


Fig. 7. Evaluation of the binding between substrate and enzyme. Sodium phenyl 
phosphate in acetate buffer, pH = 6. Temperature 37° Celsius. 


8 cal/degree and mol and for phenyl phosphate to about 12 
cal/degree and mol. Similar results were obtained by Veibbl 
and Eriksen (1936, 1937) for the enzymatic hydrolysis of various 
/S-glucosides. 
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Discussion. 

The human prostatic phosphatase is apparently rather well 
adapted for the hydrolysis of phosphoryl choline. The optimum 
activity is reached at a pH, which is possibly encountered in 
semen after contact with the acid vaginal mucus. Now these 
measurements are concerned with a very dilute enzyme solution 
and the possibility must be faced that the pH optimum is not 
the same under natural conditions, i. e. high concentration of 
enzyme, proteins and other substances. The hydrolysis of phos- 
phoryl choline in human ejaculate was, however, found to be very 
rapid (LuNDQxnsT, 194:7). 

The affinity between enzyme and substrate is approximately 
the same for phosphoryl choline and /5-glycerophosphate as is 
also the rate of hydrolysis in the presence of citrate. The investiga- 
tions of ScHERST^iN (1936) have shown that large amounts 
(about 0.5 per cent) of citrate are in fact present in human semen. 
This similarity in the splitting of glycerophosphate and phosphoryl 
choline means that the presence of the positively charged qua- 
ternary Nitrogen does not affect the interaction between substrate 
and enzyme. 

If the equilibrium constant for the enzymatic hydrolysis of 
phosphoryl choline could be measured at two different tempera- 
tures, a complete thermodynamic treatment of the enzymic 
process might be obtained, AG and AIEL for the first stage of the 
process: the combination of enzyme and substrate, being known. 
Measurements of the enzyme catalysed equilibrium between 
glycerophosphate and glycerol -f- inorganic phosphate have been 
performed by KLay (1928), giving a value for — AG of about 
2,300 cal/mol (cf. Lipmann (1941))., This result shows that the 
change in thermodynamic potential (free energy) is exclusively 
due to the combination between enzyme and substrate. In the 
case of phenyl phosphate the corresponding value of AG is not 
known, and is not likely to be obtained from enzymatic experi- 
ments, but it appears to the writer quite possible that the aromatic 
phosphate esters might have a higher group potential (Lipmann, 
1. c.) than the aliphatic ones so that the high value found for the 
affinity between phenyl phosphate and phosphatase might also 
correspond to the total change in thermodynamic potential on 
hydrolysis; but this assumption is purely hypothetical. 
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Summary. 

The enzymatic hydrolysis of phosphoryl choline, the natural 
substrate of human prostatic phosphatase, /5-glycerophosphate 
and phenyl phosphate has been studied. 

1) The optimum pH when measured in acetate buffer solutions 
of constant ionic strength, is found to be about 6.0 for glycero- 
phosphate and phenyl phosphate, and about 6.3 for phosphoryl 
choline. 

2) Fluoride, zinc chloride, oxalate and maleinate are found to 
inhibit the enzyme to a varying degree. Citrate to some extent 
abolishes this inhibition, and furthermore increases the reaction 
velocity of glycerophosphate and, especially, phosphoryl choline 
hydrolysis, also when prostatic secretion or seminal plasma is 
used without added inhibitor. 

3) The energy of activation is found to be about 11,500 cal 
for each of the three processes. 

4) The affinities between enzyme and substrate were measured 
at 37° and 0°. For phosphoryl choline and glycerophosphate it is 
about 2,500 cal/mol (37°), and for phenyl phosphate about 4,200 
cal/mol. The change in heat function is small (zlH = 0 ± 1,500 
cal/mol). 
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Jfucleic Acids and Cytological Changes in the 
Thyroid Gland after Thiouracil.^ 

By 

JAROSLAV :^RABEK and EMMY KERABEK. 

Eeceived 6 August 1947. 


The chemical inhibition of the thyroidal function by thiouracil, 
producing a total hypothyrosis of the organism (McKenzie 
and McKenzie 15, Astwood, Sullivan, Bissel and Tyslowitz 
2) is an interesting problem in cytophysiological respect. By the 
influence of thiouracil (according to Astwood (1) more gener- 
ally by the influence of substances characterised by the groups 
NH • CS • NH — , or NH 2 C 6 H 4 — ) the thyroid shows symptoms, 
which are strikingly similar to a state of high activity, but it does 
not produce any hormon. The inhibition of the production of 
the hormon was recently proved by a method with labelled iodine 
by Rawson, Tannheimer and Peacock (24), Keston, Gold- 
smith, Gordon and Charipper (16). The follicular cell, how- 
ever, differs thereby by its morphological signs diametrically 
from the state in the resting gland (either naturally inactive, 
or after potassium iodide). 

Chaikoff and co-workers, having placed by experiments with 
labelled iodine the synthesis of di-iodotyrosine and thyroxine into 
the follicular cell, determined by the same way, that thiouracil 
blocks this synthesis. It could be assumed, that the chemical 
inhibition of the glandular function is undoubtedly the work 
of a disturbance in the synthesis of thyroxine. Against this two 

^ This investigation was aided by a grant from the Rockefeller Foundation, 
New York. 
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objections can be made, referring partly to the process of ioda- 
tion of tyrosine, partly to the character of the thyroidal hormon 
in general. 

As to the biosynthesis of thyroxine Mann and co-workers (21) 
declare, differently from the predecessor, that di-iodotyrosine can 
probably result also from outside the gland. Also Chapman (8) 
counts on the base of his .experiments with the extrathyxoidal 
origin. The blockade of the synthesis of thyroxine in the follicular 
cell could not produce the hypothyrosis of the organism by itself, 
if the substance is naturally produced outside the gland as well. 
However, as thiouracil, according to the morphologic symptoms, 
affects the follicular cell and stops the secretion of the hormon, 
it must probably affect the cellular function more deeply than 
in the section of the iodation of tyrosine only. Up to a certain 
point this is shown by the observation, that e. g. it disturbs 
the activity of the system tyrosine-tyrosinase (Dempsey 9). 

The mentioned conception of the deeper influence of thipuracil 
on the chemical processes of the cell touches on the problem 
of the character of the thyroid hormon. The above mentioned 
explanation of Chaikofp deals only with thyroxine. The more 
recent endocrinological studies show however more and more 
clearly that this substance is not the only and sole specific 
product of the thyroid (McClendon and Foster 7, Kendall 
13), and they pay their attention to thyroglobuline, the proteinic 
character of which has been subjected to new researches (Lund- 
GREN 19, 20). Contrary to the fact that under normal conditions 
thyroglobuline can never be found in the peripheral blood, it 
was found here with the aid of a sensitive serological test during 
abnormal function of the gland (Lerman 18, Stellar and Olken 
28). Under physiological conditions the thyroglobulinic molecule 
splits probably into smaller proteins of the size of albumine and 
these are transported into the blood-circulation; the splitting 
of thyroglobuline can be attributed to the proteases present 
in the colloid of the thyroid gland (De Kobertis 25), If therefore 
the thyroglobuline also shows a deeper coherence with the action 
of the thyroid, thiouracil which inhibits the function of the gland, 
would have to disturbe the process of its formation as well. This 
is also in line with the formerly formulated conception about the 
deeper influence of the inhibitor on the action of the follicular cell. 

By a more detailed histophysiological study of the inhibited 
glands we came to the conclusion that thiouracil affects the cells 
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of the thyroid more seriously, than in the section of the iodation 
of tyrosine only. By comparing the microscopic symptoms, 
characterising the normal function (Krogh and Okkels 17, 
UOTTILA 30, later Ponse and Altschuler 23), substantial 
deviations in the structure of follicles and in the morphology 
of cells are evident. After a long lasting action of thiouracil the 
follicles show signs of multiple enlargement, but they are empty 
and collapsed; only a prolonged fissure is visible, which is a re- 
mainder of the former lumen. The gland has a compact appearance, 
owing not only to the compression of the follicular cavities but also 
to the increase of the substance of the tissue. The cells have 
outspoken cylindrical form, they are often extremely prolonged 
and thin like sticks. Their cytoplasm shows a loss of affinity 
against acid plasmatic dyestuffs and it has a tendency to absorb 
slowly haematoxyline. On the other hand the caryoplasma stains 
itself less abundantly than normally. The comparison with the 
morphological signs of the physiological phases of function 
of the gland shows generally tte follo^ving differences; the form 
of the follicular cavities differs from the inactive gland as well 
as from the secreting one. The form of the cells reminds of hormonal 
secretion, it is however more strikingly cylindrical. The affinity 
for stains of the cytoplama is atypical. According to all these 
signs thiouracil does not get the glandular cell into the state of 
inactivity; the follicular cell is active, but as if running empty, 
without result, without production of a specific increte. 

A very striking phenomenon of the activity of thiomacil, 
which we were finding regularly in the inhibited glands is an 
abundant occurence of mitotically dividing cells (^.e^abek 26). 
Mitoses are a rare phenomenon in a normal thyroid gland; their 
number in connection with physiological secretion according 
to UoTTiLA (1. c.) does not increase considerably. Some authors 
(Bastenie and Zilberzac 3) observed the increase of the number 
of mitotically dividing cells, the difference however was not 
more than double, Ponse and Altschuler ( 1 . c.) are of the same 
opinion, that the secretion of the hormon happens without any 
proliferation. The striking frequency of the mitotic division 
after thiouracil seemed according to him to be a direct manifesta- 
tion of the activity of this substance. 

The influence on the intensity of the mitotic division is due 
generally to the quantitative changes of the desoxyribonucleic 
acid of the nucleus, but the glandular activity in general as well 
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— at least as far as to the glands producing proteinic secretions — 
shows a connection with the metabolism of nucleotides (Caspees- 
SON 4, 5, 6). Some histophysiological observations, made with 
the aid of coloured microreactions (Feulgen’s, orcine) directly 
in the tissue, seem to testify, that the nucleotides are probably 
in close connection especially with the processes of the physio- 
logical function of the thyroidal cell. Recapitulating the state- 
ments of the literature up to now, it is shown that during the 
production of the colloid the nucleotidal reactions in the follicular 
content are intensive, whereas in the nuclei they grow weak. 
During the proper secretion of the hormon the cells form a secret 
rich in nucleotides, whereas in the nuclei their concentration 
shows a decrease. It was stated during the production of the 
basophilic colloid that the nuclei are emitting drops into the cyto- 
plasm which give clear nucleic reaction, and the resulting baso- 
philia of the ripe colloid is attributed just to those emissions, 
passing finally over to the follicular cavities (Uottila 1 . c.). 

If therefore the nucleotides seem to be firmly connected with 
the secretory actions of the thyroidal cell, it is still more interesting, 
that these actions are inhibited just by thiouracil, by a substance 
so near to one of the bases of ribonucleic and desoxyribonucleic 
acid. This fact, in connection with our above mentioned prelimin- 
ary observations about the cytomorphology of the thiouracil 
action, leads to the question of its encroachment into the meta- 
bolism of nucleoproteins and their building components, nucleic 
acids. It is especially the raised frequency of mitotic division 
which points towards this direction. Starting from this point, 
we subjected firstly the influence of thiouracil on the mitotic 
division of follicular cells to a more detailed research from the 
cytological point of view, and in connection herewith we made 
quantitative-analytical investigations , about the occurence of 
both nucleic acids of the cytoplasm and the, nucleus. 

Experimental. 

Experiments were performed on albinotic rats, which were fed with 
thyroidal inhibitor (we used 4-methyl-thiouracil as it is more inten- 
sively active) in daily doses 50 mg per os by an oesophageal sound. 
The cytological investigations were made on preparations, stained 
especially with Azan (azo-carmine — aniline-blue — orange) besides the 
current haematoxyline technique. All preparations Were tested by 
Eeulgen’s reaction. The quantitative statistics of mitotic division 
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vrere made in connection -witli the rising number of the doses up to 
the total number of ten, in paraffine sections of thyroids using Feulgen’s 
reaction. From the series of sections, in which every gland was separated, 
samples were selected, coming partly from the edge parts of the gland, 
partly from the center. In each of these preparations 17,000 nuclei on 
the average were examined and from these the number of those was 
stated which were found in the stage of mitosis. Besides the statistics 
of the mitoses measurements were also made in sections of the size of 
the follicular cells and cell nuclei. The measurements were made directly 
tmder the microscope using an immersion objective and a micrometric 
eyepiece. Breadth, highness and thickness of the cells Were measured, 
the volume of the cell was coimted as the volume of a hexaedron. 
Both axes of the nuclei were always measured, the average value 
taken and the volume was counted as the volume of a ball. The number 
for the quantity of cytoplasm was gained by substraction of the volume 
of the nucleus from the volume of the cell as a whole. 

For the extraction and for the determination of ribonucleic acid 
(ENA) served the method of v. Euler and Hahn (25); desoxyribo- 
nucleic acid was determined according to Dische (26).^ Owing to 
the small weight the thyroids of two rats were always extracted 
and the original prescription was modified into a micromethod, in 
which the volume of the gross extract was always 4 com, precipitated 
with 0.5 cc of 2 % lanthan acetate and the sodium salts of nucleic 
acids were dissolved again in the total volume of 4 cc. About the 
coefficient of the analytic exactity of v. Euler’s and Hahn’s reaction 
and the reaction of Dische the same can be said as in the determina- 
tion of nucleic acids in other organs (EeSabEk 27). 


Results. 

1) Normal Rats Thyroids. 

The glands o£ normal animals, coming from the breeding, 
showed the normal picture characteristic for the rat’s thyroid, 
i. e. the state passing from inactivity over to a mild hormonal 
secretion. The follicles were of medium size, approximatively 
circular or slightly elliptical, filled with a viscose colloid, baso- 
philic in the center. The vacuolisation in the peripheral zones 
of the colloid showed some slight secretion. The epithelium of the 
follicles had cells mostly of the shape of pavement stones, chromo- 
philic, with small, intensively staining nuclei. Cubical follicles were 
in the minority and only occasionally there was the cylindrical 
type with basically situated nuclei, ^. e. secretory epithelium. The 

1 As the extraction method used gives exact results only for RNA, the data 
given below for DNA are somewhat too low (comp. Eoleb a. Hahx, Arkiv f. 
Kemi 25 A, No. 11 (1947)). 
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Fig. 1. Normal Thyroid gland of tho Fig. 2. Tiiyroid gland after 2 doses of 
Hat. HaematosyUne-eoain. 450 X. Thiouraoil. Haeraatoxylino-cosin. 450 X. 


secretion of the control animals was only a weak one within physio- 
logical limits, rig. 1 shows an example of one of the control glands. 

According to the microscopical measurements the average volume 
of the thyroidal cell of the used normal rats was 569.5 /t», out 
of which the volume of the nucleus was 66.6 and the correspond- 
ing volume of cytoplasma 502.9 /<’. 

The mitoses in control animals were a rare phenomenon, 
which could be estimated with difficulty by exact statistics. 
The figures in single animals were only fractions of one pro mille 
and showed considerable individual deviations. The normal 
frequency of mitoses in rat’s thyroid can therefore be numerically 
stated only Avith difficulty, not regarding the fact, that such 
a figure is very variable in connection with different breeding 
races and cultivation conditions. The average value in the used 
animals, representing the arithmetical average of the single 
measmings, was 0.4 ®/oq. 

Every set of analyses of nucleic acids shoAved almost completely 
identical values, differing only slightly. The partial statements 
are shown in table 1. The average content of ribonucleic acid 
(ENA), counted on 1 g of fresh weight of the thyroid, Avas 9.21 
mg, the content of desoxyribonucleic acid (DNA) 8.34 mg. From 
this follows the relation ENA/DNA 1.1. The Aveight of rat’s 
thyroids showed to be very constant and amounted averagely 
to 16.5 mg. 
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Table 1. 


Norma] 

RNA 

DNA 

mg per 1.0 g 
of gland 

% 

mg per 1.0 g 
of gland 

0/ 

/o 



Results 

Average 

9.20 
9.18 

9.21 
9.23 

9.21 

100.0 

8.23 

8.44 

8.28 

8.40 

8.34 

lOO.O 

After 3 doses of Thioura- 
ci] 

8.60 

8.50 

8.55 

92.8 

m 

7.42 

89.0 

After 10 doses of Thio- 
uraci! 

5.3G 

5.45 

5.40 

5.30 

5.38 

58.4 

4.15 

4.00 

3.72 

4.48 

4.24 

50.8 

After 60 Units of Thyro- 
tropic horm. of the 
anter. Pituitary lobe 

8.29 

8.33 

8.31 

90.3 

9.19 

9.21 

9.20 

110.3 


2) Thyroid after Initial Doses of Thiouraoil. 

The observations in this group . include the period up to 4 
daily doses of thiouracil. The follicular cells showed in this time 
microscopically a constant increase of volume; after 2 doses they 
were cubical (Fig. 2), after 4 they became cylindrical. The cyto- 
plasm showed from the beginning an atypical colouring and it 
had a cloudy structure. The interior of the follicles was reduced 
to a mere fraction of its normal size; after 2 doses it contained 
still some rests of chromophobe filling, after 4 doses it was com- 
pletely free of colloid. The nuclei were hypertrophic, slightly 
staining, granular or in form of a network and they seemed to 
show Feulgen’s reaction always more and more weakly. Their 
localisation inside the cell was at first not uniform, but later 
basal in accordance. The total picture of the gland differed 
distinctly both from state of inactivity and from secretive action. 

The frequency of mitoses showed a constant rising tendency. 
Their number surpassed after 2 doses already the value of 4 ®/oo, 
after 4 doses it was more than 5 ®/oo of the total number of fol- 
licular cells. Microscopically the dividing spindle could be hardly 
found and the grouping of chromosomes corresponded in general 
to the metaphase (Fig. 2, 4). The result gave the impression of 






























^’UCLKIC ACIDS AND CYTOLOGICAI/ CHANOKS. 


283 



Fip. 3, Thyroid ghintl nficr 4 doses of 
riiiourncil. jraetnntoxylinc-coHin, -ISO X. 



I’ip. 4. Tcului n’s rend ion in n TltjToid 
glnnil nfier 4 doses of Tliiourneit. 400 x. 


a disliirbaiicc of tlie mitotic process in this section. Also after *1 
doses the configuration of tlic chromosomc.s in the dividing cells 
corresponded to inctapliase, hut. in comparison with the above 
mentioned it was considerably damaged. A deformat ion of chromo- 
somes and the occurrence of short stick or ball forms was often 
.stated (Fig. 3). 

At the periphery of the gland we remarked during the period 
of 4 doses signs of desquamation of the cells. This is a phenomenon, 
which was observed by some authors in glands with a highly 
active secretion, but it was considered ns an artefact in conse- 
quence of the spongy consistence of the cells (Pon.sk and Akt- 
senuLEU 1. c.). We also reckoned with this possibility and payed 
a special attention to the Avorking in divided group.s; the result 
— to which we shall return later — was liowever unchanged. 

The microscopical measurements, however, showed that after 3 
doses, when the cells had already a cylindrical form, the volume 
Avas of the aA^'erage of 1,715 i. c. it Ai-as increased to thrice the 
normal state. The nucleus shoAved the same groAvth, it reached 
199 /P. The volume of the proper cytoplasm had 1,510 //’, 
AA'hich is again three times the original normal size. 

The quantity of nucleic acids .shoAved at that time (/. c. after 
3 doses) a decrease. In 1 g of gland tissue 8,55 rag of RNA and 
7.42 mg of DNA Avere found on the average. The relation RNA/- 
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DNA was 1.2 and it was therefore only slightly increased in 
comparison with the normal. 

Table 2. 


4) Thyroid, after 4 — 10 Doses of Thiouraoil, 

In proportion with the growing number of doses the cells 
obtained a more and more marked cylindrical form, until they 

were after 10 doses extreme- 
ly protracted into form of 
sticks (Kg. 5). The nuclei 
were relatively smaller, a 
little bit more chromophile 
than -before and they were 
localised characteristically 
basally. The cytoplasm 
showed a granular struc- 
ture and chromophobic 
vacuols were present, which 
were especially striking after 
10 doses (Tig. 5), when they 
reminded the phenomenon 

Eig. 5. Thyroid gland after 10 doses of resorption of the colloid, 
Thiouraoil. Haematoxyline-eosin. 450 X. although tlie shrunk lolxjcies 

did not contain any secretion 
and kept only the cellular detritus. It came from the ceils, de- 
composing in growing measure. The decomposition attained after 
6 doses whole coherent parties of epithelium on the periphery 
of the gland and sometimes touched also the central district. 
After 8 doses the extent of desquamation began to diminish and 
after 10 doses it seemed to be completely stopped. 



Size of nuclei -.r , 

Volume of 

Volume cytoplasm 

in «» “ 


2.5 . 66.6 502.9 


3.6 199.3 1,616.2 


140.0 1,417.4 



Size of cells 


in u 

Volume 
in /t* 

Normal Thyroid gland of 
the rat 

8.6 X 7.7 

1 

669.5 

After 3 doses of Thiouracil 

11.4X13.2 

1,715.5 

After 10 doses of Thiouracil 

9.2X18.4 

1,557.4 
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The frequency of mitoses began to sink slowly after 6 doses; 
on the average 3.3 ®/oo of the cells were found in caryokinesis, 
after 8 doses the average sank again to 2.7 ®/oo and finally after 
10 doses it reached the value of 1.4 ®/oo. The frequency of mitoses 
during the whole observing period formed a curve, represented 
in Fig. 6. In the final phase the mitotic figures obtained the normal 
form, the deformation of chromosomes decreased. 



Fig. 0. Frequency of mitoses in glanrls. Vertically: number of mitoses p. 1,000 
cells. Horizontally: doses of Thiourncil. 

Dining the period of 10 doses the follicular cell had the average 
volume of 1,557.4 /z^, i. c. only slightly smaller than after 3 doses, 
but always approximately three times the normal volume. The 
nucleus, with its volume of 140 /t* was between the double and 
triple of the normal size, similarly was also the volume of cyto- 
plasm (1,417 fx^). 

It is interesting that also the total weight of rat’s th)T:oid was 
after 10 doses of thiouracil approximately the triple (40.2 mg) 
of the normal one. 

The quantity of nucleic acids in the weight unit of the gland 
had during the dosage of thiouracil a constant sinking tendency 
and it reached the minimum (RNA 6.38 mg/g, DNA 4.24 mg/g), 
after 10 doses. The relation RNA/DNA rose above normal and 
also above the value found after 3 doses of thiouracil (1, 3). 

If the dosage of thiouracil continued further, the result did not 
change against that mentioned before. The dividing cells occurred 
in a quantity of a fraction of one pro mille, the follicles consisted 
of high cylindrical cells ivith basally placed nuclei and they were 
free of secretion. The signs of cell’s destruction disappeared. 
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We observed tbe glands in some cases np to 40 days having 
fed -with xegnlax doses of tbionracil and we found a constant 
unchanged state. 

Disciis.sion. 

The summary of original morphological results show that the 
cells of the follicular epithelium receive during the dosage of 
thiouracil constantly more and more expressive signs of form, 
which exceed largely those by which the cell, secreting a hormon, 
is characterised, but which are also entirely different to the 
morphological characteristics of the inactive follicular cell. The 
influence of thiouracil proves microscopically that, even if the 
thyroidal cell does not produce any hormon, it does not show a 
resting state. It has some symptoms reminding of those of secre- 
tory activity, but it differs in details expressively from the cell 
producing the hormon and from the cell assimilating the colloid. 
Thiouracil therefore does not bring the follicular cell in a state 
identical with physiological inactivity as e. g. potassium iodide. 
The stoppage of the production of the hormon seems therefore 
to be the result of a non-physiological damage of the gland’s 
function. 

The mentioned changes are accompanied by a temporary rise 
of the number of mitoses in the epithelium. This action does 
not lead to the rise of double-layered epithelium or of double- 
nucleic cells; the mitoses show an abnormity in form and configura- 
tion of the chromosomes, their course is inhibited in the stage 
of metaphase. The rising of the number of the mitotically dividing 
cells seems therefore not to be the result of a formatively irri- 
tating impulse. If we judge this phenomenon from the point 
of view of the statements, according to which the secretion of 
the thyroidal hormon is not connected with the proliferation of 
glandular cells (Uottila 1. c., Ponse and Altschuler 1. c.), the 
appearance of mitoses after thiouracil represents a manifestation 
of the toxic activity of the substance on all the vital actions of 
the cells. If we consider the fact, that according to Bastenie and 
ZiLBERZAC {1. c.) the physiological secretive activation of the gland 
is accompanied by a rise of mitotic division to approximatively 
the double of the normal, the reaction to thiouracil is basically 
similar to the symptom of secretion, but by its intensity it ex- 
ceeds this accompanying symptom grossly. An interesting analogy 
of that is also the described result of the destruction of epithelium 
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in the peripheral zones of the gland. This phenomenon was stated 
by a number of authors in the phase of hormonal secretion, but 
it is lately specified as an artefact (Ponse and Altschuler). We 
observed it after thiouraoil regularly to a considerable extent and 
we did not succeed in removing it neither with the most careful 
working of the material. It seems therefore, that similarly as 
in the case of morphological changes of the follicular cell, it is 
here a symptom of pseudosecretion which exceeds by its extent 
the physiological state and signalises again the toxical influence 
on the vitality of the cell. This is a demonstration which results 
summarily from all microscopical observations, corresponding to 
the fact, that by the action of thiouracil the thyroid gland is not 
brought into the stage of physiological inactivity, but derailed in 
a pathological state. 

If we ask for the reason of this action, an interesting contribution 
is given by research of the nucleic acids of the gland. The absolute 
quantity of ribonucleic acid (RNA) and desoxyribonucleic acid 
(DNA) according to the analyses carried out, decreases together 
with the dosage of thiouracil. To obtain a comparable scale, we 
analysed also thyroids secretively activised by the thyrotropic 
hormon of the anterior lobe of the pituitary gland, of which every 
animal got in total 60 unities in partial daily doses. After the 
dosage of hormon the glands had all microscopic symptoms of 
hyperthyreosis. The analysis of nucleic acids showed, that whilst 
the quantity of RNA per gram of tissue slightly decreased, the 
quantity of DNA rose considerably (see tab. 1). The latter rising 
can be considered as significant of DNA for the secretion cycle of 
the thyroid gland and we shall deal with it in a separate study. 
If we compare the result in the gland inhibited by thiouracil with 
the result in glands activated by the hormon of the pituitary 
gland, the extent of the damage, caused by the inhibitor, is shown. 

We were now interested to see how the relative concentration 
of nucleic acids in the follicular cell manifests itself in connection 
with the found absolute sinking of their quantity in one weight 
unit. During the transition of the gland into the pseudosecretion 
type the colloid disappears and consequently it must be reckoned 
with a certain decrease of nucleic acid contained in it. This quanti- 
ty, which is unknown, causes a certain fault in the valuation, 
but this covers only the interval of the first 3 days of the dosage 
of thiouracil, because after this time all colloid is restlessly driven 
out. Simultaneously the cells grow, but as they don’t grow in 
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quantity, the gland is formed by a quantity of cells roughly 
comparable to those at the beginning. If the glandular tissue 
contains after 3 days of thiouracil dosage a reduced quantity of 
RNA and DNA (tab. 1) and a threefold increased substance of 
cytoplasm and nucleus (tab. 2), it shows that the relative con- 
centration of both original nucleotides in the cell sank to less than 
the third part of the original concentration. Even if we attribute 
the absolute decrease, stated analytically after 3 days’ dosage 
to the loss of colloid, the relative decrease of the concentration 
of the nucleotides in the cell is a third of the normal one. By 
continuing the dosage the content of RNA and DNA in the gland 
sinks constantly 4ab. 1) by an unchanged increase of the mass 
of the cell (tab. 2). In the final phase of ten days dosage 
the relative concentration of RNA in the cytoplasm corresponds 
to less than 20 % of the normal concentration, and of DNA in 
the nucleus. 

Consequently by the action of thiouracil the content of nucleo- 
tides in the cell sinks, the absolute quantity as well as especially 
— with regard to the increased substance of the cell — the relative 
concentration in the cytoplasm and nucleus. This is a very in- 
teresting phenomenon, caused by a substance, which represents as 
a matter of fact one of the bases of ribonucleic acid (uracil), 
respectively desoxyribonucleic acid (methyluracil). A certain 
analogy for this phenomenon can be found in the observations 
of V. Euler (30), who stated that the dosage of yeast, RNA 
and DNA reduces the index of nucleotides in the liver cells of 
rats. v. Euler looks for the reason of this decrease in the oxido- 
reductive processes of the liver cell and he found a concordance 
herewith in the analogical reaction of the tumor tissue where he 
found earlier the inhibition of enzymatic processes. 

For the time being it caiinot safely be decided, whether the 
action of thiouracil on the nucleotides of the thyroid, observed 
by us, can be taken as a specific influence on the thyroidal cells 
or only as a partial activity of its influence on the cells in general. 
But our observation that the number of cells in mitosis in the 
liver tissue of animals, which had thiouracil hypothyreosis, is not 
increased and no morphologic changes can be stated, proves 
against the latter conception. We are studying the metabolism 
of the nucleotides under the influence of thiouracil in other tissue 
cells in a further special study. 

But whether thiouracil attains the nucleotidal metabolism of 
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the thyroidal cell specifically or only in connection with the 
analogical reaction in the cells of other tissues, its action in the 
thyroidal cell according to the observations made is unusually 
effective and for the thyroid gland of a functional significance. 
We have already mentioned before all the connections of the 
secretory action of the follicular cell with the metabolism of 
nucleotides. Also the characteristic reaction, stated by us in the 
process of mitosis seems to be a further testimony; the violent 
decrease of DNA stated by chemical analysis corresponds well 
with the disturbance of caryokinesis. Based on all these circum- 
stances v.’e believe to see a serious reason for the inhibitive in- 
fluence of this substance on the thyroidal secretion in the de- 
pressive action of thiouracil on the nucleotides of the follicular cell. 


Summary. 

1) By the action of thiouracil the follicular cell is not brought 
into the state of physiological inactivity and it shows signs of 
apparent secretion which differ however in details remarkably 
from the effective secretion stage. 

2) The quantity of follicular cells in mitosis is temporarily in- 
creased to the multiple. This disturbance is the result of the 
inhibition of caryokinesis in the stage of metaphase. 

3) The absolute quantities of ribonucleic and of desoxyribonu- 
cleic acid are considerably reduced. 

4r) The ratio RNA/DNA shows a decrease to a fractional part 
of the normal -value, according to the increase of the cell mass. 

The authors thank here the head of both Institutes in which 
the work was performed. Prof. H. v. Eulee, for the amiable 
leaving of all necessary resources. 
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Obituary Notice. 

JOHANNES UNDHAKD. 
1870-1947. 


Professor J. Lindhard, who died on the 11th of October 19i7, 
had a somewhat unusual scientific career. Born on April 25th 
1870 in the little Danish tovm of Dalby (Seland), he went into 
the army shortly after having finished school. B\it this work did 
not satisfy him, so he took up studies again and in 1893 entered 
the University of Copenhagen, where he passed his medical 
examination five years later. After spending some time as a phys- 
ician at the Ivigtut mines in Greenland, he practised for a few 
years in Denmark. Being greatly attracted by research work he 
decided, however, to test whether he would be suited for such 
tasks. The realisation of this plan was made possible when he took 
part as a physician in the Denmark expedition to the northeast- 
coast of Greenland during 1906 — 1908. From that time his deci- 
sion was taken, and he now devoted himself entirely to physiol- 
ogy, at first at the Finsen Institute, where he collaborated with 
Hasselbalch, and later with Krogh at the zoophysiological 
laboratory. Lindhabd soon found a wide and fruitful field of his 
20 — i721Gl. Ada pliys. Scandinav. Vol, U. 
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own in the study of bodily exercise in its different aspects. A 
lectureship in anatomy and the theory of g 3 annastics was created 
for him in Copenhagen in 1909, and in 1917 he became professor 
in the theory of gymnastiscs. Somewhat later he got a small 
laboratory of his own, and when the new Institute of Physiology 
was erected in Copenhagen in 1928, one of its five departments 
was devoted to the theory of gymnastics with Lindhard as its 
first chief. Lindhard also acted for several years as Director of 
the State Institute of Physical Education. After his retirement 
in 1910 he continued to work regularly in the laboratory, where 
he was still active a week before his death. 

From Lindhard’s extensive scientific production only a very 
brief summary of the main trends can be outlined here. 

During his stay on Greenland, Lindhard measured several 
bodily functions such as skin, mouth and rectal temperatures, 
the red and white cell counts, carbon dioxide output, ventilation 
etc. A special interest attaches to the observation of seasonal 
variations in respiration, with low respiratory rate but maximum 
alveolar ventilation and minimum alveolar carbon dioxide ten- 
sion during summer. Lindhard obtained similar results in Copen- 
hagen and with Hasselbach (1911) found that the ultraviolet 
radiation increased the excitability of the respiratory centre. 
This was determined through the reaction to carbon dioxide 
according to the principle introduced by Loewy, but the method 
was now considerably improved and subsequently further devel- 
oped by Lindhard (1933). The study with Krogh with the aid 
of Krogh’s bicycle ergometer and respiration apparatus proved 
that already the first respiration at the onset of muscular work 
became increased in rate and depth, which must be due to cerebral 
impulses (1913). For electrically induced work a reflex from the 
working muscles started the initial increase (1917). In both 
cases a chemical regulation of respiration set in later. An im- 
portant paper by Lindhard on statical work (1920) demonstrated 
that in this case the greatest increase in ventilation as well as in 
gas exchange might be found after the work, the damming up 
of the blood flow in the working muscles leading to an anaerobic 
breakdown with increased acidity of the blood after release of the 
flow. The accumulation of acid products explains the fatigue 
during work of this type. Valuable observations were also made 
on the composition of the alveolar air and the respiratory dead 
space in different conditions. 
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In order to follow the corresponding alterations in circulation 
it seemed necessary to measure the general blood flow. A method 
for determining the minute volume of the heart by means of the 
absorption through the lungs of an indifferent gas, as suggested 
by Bornstein, was w'orked out by Kroqh and Lindhard (1912), 
using nitrous oxide for this purpose. This has been a very useful 
tool in numerous investigations, until it was superseded by the 
acetylene and the so called direct methods. Lindhard found 
that during rest the minute volume of the heart is a function of the 
respiratory metabolism (1916), though physical factors like the 
body position and ultraviolet irradiation (1913) also influence it. 
Above all he studied the effect of muscular work: when the gas 
exchange rose from the resting value in proportion to the amount 
of work performed until a maximum about ten times as great 
was reached, the minute volume of the heart showed a parallel 
though somewhat slower increase up to a maximum of six times 
the resting value. This signifies that the utilization of the oxygen 
of arterial blood is increased during muscular work (1915), Train- 
ing enabled the subject to perform the work with relatively 
smaller cardiac output per minute — but a greater output per 
beat — than the untrained subject. 

In an extensive investigation EIrogh and Lindhard took up 
the question concerning the substances which are metabolised 
during muscular work (1920). It turned out that at a respiratory 
quotient during rest of 0.8 to 0.9 only a slight change took place 
during work, whereas with high quotients during rest, a lowering, 
and with low resting quotients, a rise in the working period was 
observed. It was concluded that during work the same substances 
are burnt as during rest and in the same proportions. In the special 
conditions with low or high quotients, conversion of fats to carbo- 
hydrates or the reverse was to be assumed. The experiments 
also proved that when fat is catabohsed for muscular work a waste 
of 11 % of the heat of combustion of the fat takes place. Later 
on Lindhard came back to the subject (1927), since it had been 
maintained that muscular work of short duration takes place 
exclusively on carbohydrates, and gave convincing evidence 
that this is not the case, 

A number of papers deal with the functions of the muscles them- 
selves. In most of them Lindhard collaborated with others, 
mainly with younger colleagues who were inspired by his en- 
thusiasm. 
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After Henbiques and Lindhard (1920, 1923) had obtained 
evidence that the action potentials of the skeletal muscles are 
intimately associated with processes in the motor end-plates, it 
seemed possible that the physiological stimulation of the muscle 
fibre is of electrical nature and generated in the end-plates. This 
led to determinations with Buchthal (1934, 1935), which showed 
that during rest the potential gradient from end-plate to muscle 
fibre, which could be abolished by curare, is much greater than 
in the fibre itself. The study of the structural changes during 
isometric contractions (1936, 1940) showed that the anisotropic 
layers were shortened whereas the isotropic parts became ex- 
tended. It was also found that the elasticity coefficient of the 
mucsle decreased during the isometric contraction — similar re- 
sults being obtained at the same time by Weber and by Stein- 
hausen. 

By means of needleshaped thermocouples the temperature in 
muscles were measured by Buchthal, .Honcke and Lindhard 
(1944). Although the resting mus’cle of the extremities was usually 
found to have a temperature some degrees below the rectal tem- 
perature, in the working muscle a rise was observed which was 
directly dependent on the magnitude of the work. In static work 
the rise continued after cessation of the work. 

Several other papers by Lindhard should be mentioned, e. g. 
his study on the influence of different gymnastic body positions 
on the thorax, his methods for the determination of the hydrogen 
ions in small quantities of blood, his work on dye-methods for 
determination of the blood-volume and so on. Above all his nu- 
merous textbooks on the theory of gymnastics must be referred to. 
Here he critisized severely many current views on physical educa- 
tion, its aim and means; he showed that in numerous instances 
such views had been founded, not on a solid scientific basis, but 
on faith and were to a great extent the result of propaganda. But 
he himself more than anybody else also gave positive contributions 
to our understanding of this vast and important field. 

Lindhard had a very independent judgment which he expressed 
freely and with great ease. Sometimes this gave to his writings 
a more polemic touch than was necessary. In the personal contacts 
he was at first a little shy, at least when meeting colleagues 
outside Scandinavia. This was undoubtedly due in part to his 
lack of training in speaking foreign languages — he sometimes 
complained that he had not had the opportunity of going abroad 
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in liis yontli. For those who had the privilege of knowing him 
intimately he became a most reliable friend, interesting and well- 
informed. His life work, the result of clear thinking and unusual 
energy, will give him a permanent place among those who have 
laid the foundations to our knowledge of the physiology of muscular 
exercise. 


G. Liljcslrand. 
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The reciprocal inhibition between the two retinae when they are 
presented with different pictures, a phenomenon well-known as 
retinal rivalry, bears obvious similarities to the inhibition or so- 
called suppression in cases of strabismus.^ With the possibility of 
therapeutical application to such cases in mind, we have investi- 
gated the influence of some drugs on retinal rivalry. There seems 
to be no reference to similar experiments in previous literature. 


Methods. 

1. Principle of the Method Used. 

The objects used in the present study are illustrated in fig. 1 which 
is intended to be observed through a standard stereoscope. The circles 
with the horizontal and vertical bar were situated on illuminated 
squares at the center of large black fields. The fields are not shown but 
only indicated by the black border aroimd each square. The contours 
of the squares and the circles are intended to be fused so that rivalry 
is confined to the crossed bars. 

^ A preliminary communication was made at the meeting of the Swedish 
Ophthalmological Society Nov. 23rd, 1946. (Nord. Med. 34, 1448, 1947.) 

* We have previously shown that dinring retinal rivalry there is an_ inhibition 
of the pupillary light reflex from the momentarily suppressed eye. (Baeaot and 
HALunfiN 1948.) This fact has been interpreted as possibly indicating the existence 
of phasic inhibition of the retinae proper. It is not clear whether there is any m- 
hibition of the higher stations on the visual pathway during retinal rivalry. For 
the sake of simplicity, we shall speak of the inhibition between the retinae etc. 
without always mentioning this latter possibility. 



INFLUESCE OF KBRV0U8 DEFUKSSAKtS. 

These object, a. so 

no difficulty in deciding wluch is the of rivalry or the differ- 

to illustrate schematically the ^ o\jscrv-cd Actual observation of 

out depths of suppression ^ichamobsc^^^^ 

• fig. 1 with a stereoscope will, of course, gi\c a raucu 
auy illustration or explanation. 




rig. 1. 

At the point of the crossing, the dominant bar is surrounded by a 
white or gray halo suppressing at least part of the subjugated b.ar. 
The depth of suppression can be judged from the amount of the sub- 
jugated bar which is invisible. If suppression is weak, there may be 
only a narrow gray fringe surrounding the dominatiug bar while in deep 
suppression the whole subjugated bur may vanish. Some people under 
normal conditions show frequent total supprossioms of the momcnUvrily 
subjugated bat while in other persons this almost never occurs. Among 
those who never show complete suppression there are all traasitionnl 
cases from those who none the less' experience a very xnarlccd and lively 
rivalry to those who perceive only very little rivalry, the subject seeing 
a complete cross without suppression fringe.? most of the time. In these 
latter cases, the subject may or may not have a feeling that one of the 
bars lies behind the other. This seeing one of the bars sometimes in front 
of the other and sometimes behind, seems to be the first stage of ictinal 
rivalry. When rivalry completely censes, as sometimes under drugs, a 
simple cross with both bars in the same plane is seen. 

In our experience, most normal subjects show a Ijrisk rivalry ■with 
Jese objects while only a few show the very weak rivalry just described, 
iiiese latter also have subnormal frequencies of alternation. Only 
subjects with a well defined rivalry were used in the present experi- 
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Most previous observers agree that attention has no influence on 
retinal rivalry. It is however possible as Helmholtz has pointed out, 
to read a page of print through a competing picture. It may be that the 
eye movements necessary for reading are responsible for this result. 
With our uninteresting and similarly constructed objects we have never 
been able to influence the rivalry by conscious effort. Blinking and 
shifting the point of fixation may cause a change in the state of rivalry 
but this seems to have no influence in the long run. We have made 
special control experiments with cocainized corneae in order to be sure 
of avoiding blinl^g and the results Were identical with experiments 
where blinking was allowed. Our subjects were therefore allowed to 
blink freely during the observations. 



Fig. 2. 

Schematic diagram of the different degrees of suppression of the horizontal bar. 

Upper left hand corner: total suppression. 

Lower right hand corner: simultaneous perception. 

Rivalry between very simple objects like the two bars used here is 
characterized by three main variables: 

(1) the average depth of suppression of the subjugated image, 

(2) the relative amount of time during which each of the two eyes is 
dominant and 

(3) the frequency with which dominance shifts from one eye to the 
other. 

Since our ultimate aim was to find drugs which could be used to 
reduce the excessive state of retinal inhibition in squint, we were 
interested in such aspects of rivalry as could serve as measures of the 
intensity of the state of inhibition. Among these the foremost is, of cour- 
se, the depth of suppression. Although this can be judged in a subjective 
manner, it is difficult to express on a really quantitative scale. Perhaps 
it could be measured by means of an arrangement similar to the one 
used for studying the light reflex during rivalry (BabAny and BAllden 
1948) but such experiments would certainly be exceedingly laborious. 
We therefore had to be content with studying the depth of suppression 
by the subjective method. 

In this situation we turned to the other two main aspects of rivalry 
to see if they could furnish a supplementary measure of the intensity 
of the state of inhibition between the retinae. 

The relative amount of time during which each of the two eyes is 
dominant was found to serve this purpose. _ 

Assume that the two retinae are presented with two pictures which 
cannot be fused but possess equal power of suppressing each other. The 
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A iug affecting th? amount of leciprocal inhibition could 
affShe 0^ aspects of the rivalry phenomenon: frequency and 
£h of suppression. Thus, in , a state of perfect balance between 
the two eyesf changes in the degree of inhibition are not easi y 

“"T^rntter becomes different if the two retinae are not in .bailee. 
Assume for instance that two equal eyes are presented wAh markedly 
different pictures, one of them bleak, the other one rich in contour 
or contrast. There will then be an imbalance in retmal rivalry, the 
stronger picture tending to dominate most of the tiine. ■ r 

The imbalance implies that the inhibition acting on the retma_ ol 
the “strong” side is relatively weaker than that acting on the retina 
of the ‘Veak” side. If now a drug reduces the- degree of reciprocal in- 
hibition between the two retinae, it will naturally abolish the weaker 
inhibition before the stronger one. Sut this will cause (he stTongcr 
fictufe to dominate even more than before. The instants when the ‘“weak” 
picture is able to suppress the “strong” will be even rarer. Thus, if from 
the start there is an imbalance between the' pictures presented to the 
two retinae, any change in the level of reciprocal inhibition will be 
discernible as a change in the degree of imbalance. 

The third main aspect of retinal rivalry, the frequency of alternation, 
did not look promising. However, even at an early stage of the investi- 
gation, we observed a marked reduction of the frequency of alternation 
under the influence of ethyl alcohol. To explain what seemed to be a 
correlation between depth of suppression and frequency of alternation 
We went to the literature. We found that Lawaets in 1939 had dis- 
covered a correlation between frequency of alternation and degree of 
imbalance in retinal rivalry. He achieved a shift in dominance relations 
by rotating bis objects, two crossed bars as in our experiments, so that 
one of them approached the vertical position, while the other became 
more horizontal (in this experiment the angle between the bars was 
90°). Since the vertical bar tends to dominate, a marked degree of im- 
balance was obtained. The frequency of alternation fell with increasing 
degree of imbalance. In another experiment Lawaets studied the 
^queimy of alternation during the transition, from rivalry to fusion. 
With the angle between the two bars at 15°, fusion was possible only 
When the bisecting line of the angle was nearly vertical. With the bi- 
secting Ime horizontal the frequency of alternation was rather high 
How the position of the hisectmg line was changed, step by step un- 
proachmg the vertical. The frequency gradually decreased as fusion 
was approiamated. There is of course a great difference between fusion 
and a cessation of rivalry caused by drugs, but one thing they probably 
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on the frequency of alternation and on the subjectively perceived depth 
of suppression. 


2. Actual Arrangement of Experiments. 

The subjects (laboratory workers, medical students) were seated be- 
fore a major haploscope (Synoptiscope). The two eyes were presented 
with the objects illustrated in fig. 1. These were lantern slides reproduced 
from a large-scale drawing. The circle was seen under a visual angle of 
115'. The objects were observed against opal glass screens illuminated 
from behind by 3 watt flash lamp bulbs run below the rated voltage. 
The illumination and the position of each object could be individually 
adjusted. Those subjects who were used to wearing spectacles for cor- 
rection of their refractive errors were provided with corresponding 
lenses in the haploscope. Tor other subjects the images of the objects 
were placed at infinite distance. 

The subject controlled a telegraph key. The duration of the signals 
and the number of signals were recorded by means of a Hipp’s chrono- 
scope and a magnetic counter. In some early experiments a tape recorder 
was used instead.^ 

Observations were made in runs of about 70 seconds interspaced 
with resting periods of about 4: minutes. In alternate runs the subject 
signalled the dominance of the horizontal and the vertical bar. The 
key was kept down as long as the bar in question dominated. The 
subject started each run by observing and signalling a few seconds be- 
fore the recording equipment was cut into the circuit. The actually re- 
corded period thus embraced the final 60 seconds of a period of about 
65 — ^70 secs. The subject had no influence on the exact moment of the 
start of the recording. 

As is Well known most people have one dominant eye. Furthermore, 
it is well known that vertical contours tend to dominate over horizontal 
contours (Pantjm 1858). In the preliminary experiments carried out 
with each subject, these facts and the possibility of adjusting the iUu- 
mination of each object separately Were used in order to obtain a suit- 
able degree of imbalance between the two pictures. Usually we tried to 
find a starting level where, under normal conditions, the vertical bar 
dominated approximately 40 seconds out of every run of 60 recorded 
seconds. 

The haploscope employed allowed of the independent adjustment of 
the position of the two pictures so that fusion of the circles of the two 
objects could take place without any effort. During the ^ug experi- 
ments there often was a trend towards esophoria, as previously noted 
by Colson (1940) for the case of alcohol and it was frequently necessary 
to adjust the position of the objects to the changing angle between the 
visual axes. 

1 With the arrangement used, the number of complete cycles (dominant -f 
suppressed) was counted. The frequency of alternation referred to m the following 
is the number of such whole cycles per minute. 
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Most of the Boimal drug experiments S 

DmiL the first honi ox so some 10 runs i^cre made m the nomal stat^ 

S ordi to obtain a control level. Then the drug 
after a small pause the experiment -was contmued. With the excepti n 
of the authors (subjects EB and EH) none of the subjects know the 
purpose of the experiments or the results to be expected. 
to make spontaneous comments as soon as • 

The drugs given per os were dissolved or Bi^pended in tap uater. 
The experiments (with some exceptions noted in the text) were made 
on an empty stomach, about 4 hours after the last meal. 


3. Treatment of Experimental Data. 


Data obtained from experiments of the kind described are of two 
kinds. There are the protocol notes covering the experience of the sub- 
jects as to depth of suppression and intensity of rivalry. Then there ore 
the numerical data derived from the recorded signals of the subjects. 

Condensation of the protocol notes would perhaps have been possible, 
by means of some sort of code. But since the subjects were unaware of 
the effect sought for, their observations were not phrased on the same 
pattern and they, would need reinterpretation in order to fit into a 
schematic scale. We have therefore, reluctantly, given the relevant 
points from the protocols in the form of case histories of all experiments 
where protocols were kept. Even if the presentation lacks perspicuity 
the facts are at least undistorfced. 

The numerical data, on the other hand, have been condensed into 
graphs. Every complete experiment yielded two series of figures; domi- 
nance duration figures for the vertical and the horizontal bars respec- 
tively and frequencies of alternation obtained during vertical and hori- 
zontal runs respectively. The treatment of these primary figures was 
based on the following considerations; 

We are faced with the problem of combining the data from the two 
series of runs “vertical” and “horizontal”. Obviously, the figures in 
these series stand in. a kind of reciprocal relation to each, other; if the 
vertical hat dominates much, the “vertical run” will give high figures V 
and the hormoutal xvm” low figures H. The simplest way of combining 
th^formation from the two series is to take the arithmetic means 
between the V and the “not H”. 


While the y are simply the recorded durations of vertical dominance 
formstance m seconds, the "not H” are equal to 60 minus H, since each 
rerorded period embraced exactly 60 seconds. 



from “hmizontal” r^s and^^v^ce v^r. ThTm isTo rrson^;^ any S 
meiSerX^h^® runs should be preferred in calcufating the 
means of all pmJrim calculate the successive 

nant” V is figure for “vertical domi- 

’ ’ means with two different figures for 
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“iomontal not dominant”, 60— H, and vice versa. The procedure ob- 
viously is analogous to the smoothing of a distribution by successive 
means, only in the present case the object of the mathematical mani- 
pulation is not the elimination of random variability. 

For reasons of symmetry the same procedure was applied to the 
frequency figures too. 

Finally, from the V and H-values the sum V -f H was calculated 
in successive steps. If there were no transitional state, this sum would 
oscillate around 60 and the amplitude of the oscillations would be a 
measme of the variability of the recording. Now, there is of course a 
traditional state between vertical and horizontal dominance and the 
oscillations usually take place around a value which generally differs 
from 60. Their amplitude, however, is stiU a useful measure to watch. 


Regnlts. 

1. The Normal Coarse of Betinal Bivalry in 
Prolonged Experiments. 

With rest periods of 3 — 5 minutes between the 1-minute runs 
there is no systematic change in either frequency of alternation, 
depth of suppression or degree of imbalance over periods of several 
hours. Fig. 3 shows the first training run of the subject P. Z. and 
a long control run of U. H. as typical examples which give an idea 
of the degree of precision attainable in a completely untrained and 
a highly trained subject. If the rest periods are inadequate and 
fatigue ensues, the inhibition seems to diminish. This matter is 
more fully discussed in a later part of the paper. 


2. Retinal Rivalry under the Influence of Depressant Drugs. 

Our first experiments were made with ethyl alcohol because this 
drug is generally recognized to "remove inhibitions”. Alcohol 
turned out to have a profound influence on retinal rivalry, some- 
times completely abolishing it, but the side actions with the 
necessary doses were so strong as to make many of our recordings 
worthless. We then tried a number of other depressant drugs and 
found these to exert the same effect as alcohol on the phenomenon 
of retinal rivalry, while their general effect on the ability to signa 
the phases of rivalry was much less disturbing. A general survey 
jof the experiments made is given in table I and on page 10 t e 
curves summarizing the quantitative information derived from the 
experiments are reproduced. 
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Amytal. 0.45 g sodium amytal was given to the subject P. Z. 
3.5 hours after an ordinary meal. P. Z., who under normal condi- 
tions perceives a distinct rivalry with frequent total suppressions 
of the subjugated bar was completely ignorant of the effect sought 
for. The experiment was his second drug experiment, in the pre- 
ceding one he had been given morphia which, in his case, had no 
definite effect on the depth of suppression. As always, if not spe- 
cially noted, his observations were offered spontaneously, 'R'ithout 
suggestive questions from the experimenter. 

14 minutes after ingestion, he felt slightly intoxicated. At 
25 minutes he had slight walking difficulties but still did not say 
anything about the rivalry experiment. At 37 minutes he said: 
The two bars now form a complete cross. I signal that bar as domi- 
nant which is seen clearer. At 43 minutes his speech was a little 
indistinct and his gait staggering. 47 minutes: Sleepier and sleepier. 
Still a complete cross. 74 minutes: Some alternations clearly per- 
ceptible but still a complete cross. 

Thus, in this subject, amytal almost completely abolished retinal 
rivalry. Under normal conditions this subject never sees a com- 
plete cross but always a brisk rivalry with suppression of smaller 
or larger parts of one or both bars. 

The increase in the degree of imbalance and the reduction in the 
frequency of alternation caused by the drug are seen in fig. 4. 

The same effect was elicited by 0.45 g in the subject U. H. 
As early as 8 minutes after ingestion there was a diminution in the 
depth of suppression. 16 minutes: Eivalry gets weaker. There are 
no longer any total suppressions. Feels slightly drunk. 26 minutes: 
No rivalry. Cannot decide if the vertical bar dominates the whole 
time or if there is simultaneous perception. No fluctuations visible. 
31 minutes: A little dizzy. No rivalry, as before. 46 minutes: Very 
little rivalry. The vertical bar, surrounded by a white halo is per- 
ceived slightly proximal to the horizontal one. At the boundary 
between halo and horizontal bar there is a little fluctuation. 56 
minutes: Simultaneous perception has ceased, there is rivalry but 
no total suppressions occur. Two minutes later: The rivalry con- 
sists in the two' bars exchanging position, the dominating one is 
seen proximally. At 100 minutes, when the experiment was con- 
cluded, there still was only weak rivalry. 

Thus, in this case too, a strong dose of amytal caused complete 
cessation of rivalry and the effect on degree of imbalance and fre- 
quency of alternation was unambiguous (fig. 5). 



U. PhUTPL PI. A PtiyTPL UP. I 6, PtiypPL. U.P 
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;h tho exception of fig. 28, the absoissno are always hours. The arrows on tho absoissao indicate when the drugs were administere* 
Tho “degreo of imbalance” is measured by tho number of seconds per minute during which tho vertical bar is dominant. 
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In two cases we tried tlie effect of the normal adult hypnotic 
dose, 0.3 g. With this dosage, the subjects felt sleepy but not 
dizzy, or intoxicated. The effect on rivalry was less markea. In an 
experiment on TJ. H. the alternations became indistinct after 21 
minutes but there never was any simultaneous perception. There 
was a distinct effect on imbalance and frequency (fig. 6). 

The same dose in E. B. after 35 minutes gave simultaneous per- 
ception for short periods. These periods increased and after 66 
minutes there was almost no rivalry during one run. In subsequent 
runs there was rivalry of slight degree with long transition periods 
where it was impossible to decide which was the dominating bar. 
However it never amounted to complete cessation of rivalry. 
There was, as usual, a moderate reduction in the frequency o 
alternation, while the imbalance, contrary to expectation, also 
seemed to be reduced (fig. 7). This is, however, easily explained. 
The curve of the sums V + H shows a corresponding decrease, 
indicating an increase in the transitional state between vertical 
and horizontal dominance. 

These experiments are typical examples of the results obtained 
with depressant drugs. 

Bromural. A dose of 1.2 g suspended in water was given to a 
subject I. S., who had never made any drug experiment before. 40 
minutes afterwards, he began to see both bars simulatenously as a 
complete cross. This went on for the two hours during which the 
experiment was continued. Some fluctuations persisted however 
during the whole experiment. He did not explain spontaneously 
what kind of fluctuations he actually perceived and for fear of 
suggestion we did not press the point. He did not feel intoxicated, 
only sedated. 

In this experiment there was no certain decrease in frequency 
of alternation, nor any increase in degree of imbalance (fig. 8). 
The curve of sums H + V shows that the subject signalled rather 
irregularly. In this case, as in the case of E. B., fig. 7, there was 
a marked reduction in the sums H -t- V under the influence of the 
drug, indicating an increase in the transitional state between ver- 
tical and horizontal dominance. The subject, obviously, was un- 
able to make up his mind how the transitional state was to be in- 
terpreted. This explains the irregular curve and the lack ot a change 

in imbalance. t. i • 

The same dose was taken by U. H. After 20 minutes the sedative 
effect was noted. Kivalry began to be affected at 33 minutes, when 
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the alternations became less clearly marked. 42 minutes: Not 
much rivalry, almost simultaneous perception. 53 ininutes: Some- 
times simultaneous perception. There is no suppression fringe 
around the dominant bar, but the dominant bar is perceived as 
lying proximally and there is some rivalry, the bars exchange 
position. 96 minutes; Simultaneous perception of both bars but 
“position rivalry” goes on. 129 minutes: As before. Experiment 
stopped. Mueh less intoxicated than after 0.45 g amytal. No motor 
incoordination. 

The effect on degree of imbalance and frequency of alternation 
was e\’ident (fig. 9). 

These two experiments clearly demonstrate that even at a dosage 
only 20 % above the average hypnotic one, bromural causes 
weakening and almost cessation of retinal rivalry. 

Ethyl alcohol. As already mentioned, this was the first drug 
tested. Most of our experiments with alcohol had already been 
made when we discovered tha+- rivalry could cease and simultane- 
ous perception ensue under the influence of the drug. Previously, 
we had attributed all complaints from the subjects that signalling 
rivalry was difficult etc. to their reduced power of attention and 
we did not annotate these complaints regularly. But during the 
8:th experiment the following happened. 

P. N. had from the beginning a very marked dominance of the 
vertical bar and a very low frequency of alternation. His weight 
was 72 kgm and he was given 162 com 33% alcohol 9 hours after 
the last meal. Summarizing his experience of the control runs 
immediately preceding medication he said: The horizontal bar dis- 
appears completely for long periods, while the vertical one is but 
seldom completely suppressed. As early as 10 minutes after inges- 
tion of the drug he began to see "both bars equally well” while 
he still did not feel intoxicated. He signalled a few alternations. 
At 20 minutes, he began to feel intoxicated. At 37 minutes he 
stopped signalling any alternations. "When asked what was the 
matter he told there were no fluctuations at all, both bars were 
visible the whole time, the horizontal one a little weaker than the 
vertical. This condition lasted till 65 minutes. At this time, the 
horizontal bar began to fluctuate a little but never disappeared 
completely. At 71 minutes, the horizontal bar for the first time 
disappeared again completely for a moment and at 95 minutes, 
when the experiment was finished, the rate of alternations was 
approximately the same as before the drug was given. 

— 472161. Acta phys. Scandinav. Vol. li. 
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Table L 

_ In the three “Effect” columns, 0 indicates absence of any effect, — a reduc- 
tion and + an increase in the variable listed. 







Effect on 


Fig. 

Subject 

Date 

Drug 

Dosage 

Depth 

of 

suppres- 

Degree 

of 

imbalance 

Frequency 

of 

alterna- 

Notes 






sioa 

tion 


3 a 

P. Z. 

«/, 47 

_ 


0 

0 

0 


3 b 

TJ. H. 

*/. 47 

— 

— 

0 

0 

0 


4 

P. Z. 

“/» 47 

Amytal 

460 mg 

— 

-1- 

— 


6 

U. H. 

"/* 47 


460 mg 

— 

+ 

— 


6 

U. H. 

47 


300 mg 

— 

+ 

— 


7 

E. B. 

•/. 47 

» 

300 mg 




increase of 
transitional 
state 

8 

I. S. 

47 

Bromural 

1200 mg 


0 

0 

subject sig- 
nalled ir- 









regularly 

9 

U. H. 

«/. 47 


1200 mg 

— 

-F 

— 


10 

P. N. 

“/lo 46 

Alcohol 

162 CO 

— 

+ 

— 





33 % 





11 

E. W. 

‘7io 46 

» 

163 cc 

-1-?? 

0 

0 





33% 





12 

H. T. 

“/lo 46 


203 00 

— 

0 

— 





33% 





13 

U. H. 

»/io 46 


226 cc 

— 

+ 

— 





33 % 





14 

E. B. 

7io 46 

> 

226 CO 

Not noted 

0 

0 





33 % 





16 

U. H. 

Vio 46 

» 

225 CO 

» 

+ 

— 





33% 


+ 



16 

R.W. 

‘ho 46 

» 

226 CO 


— 





33% 





17 

H. G. 

'/lo 46 


142 cc 


— 

— 





33% 


+ 



18 

W. K. 

^‘/lo 46 


138 cc 

t 

— 





33% 



0 


19 

E. B. 

*7i 47 

Morphia 

20 mg 

(-) 

— ' 


20 

P. Z. 

»/* 47 
7. 47 
“U 47 

Pantopon 

20 mg 

— 

-F 


21 

U. H. 

» 

20 m^ 

+ 

compucatea curve 

probably 
delayed re- 
sorption 

22 

0. H. 

Pheno- 

barbital 

460 mg 

0 

0 

0 

23 

U. H. 

“A 47 

> 

300 mg 

— 

+ 



24 

M. K. 

”A 47 
"/« 47 
=»/4 47 


460 mg 

— 

0 



26 

E. B. 

Chloral 

2000 mg 

— 

-F 



26 

U. H. 

Trional 

1000 mg 

— 

■+ 

0 


27 

E. B. 

«/, 47 

Hydotin 

600 mg 

0 

0 


28 

U. H. 

«/* 47 

Fatigue 


? 

-F 




Fig. 10 shows how the degree of imbalance rose and the fre- 
quency of alternations fell until rivalry was completely abohshed, 
and how they later returned to nearly normal values. 
whole experiment the degree of intoxication was only slight. 
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After this experiment we were of course intent on finding the 
same effect in other suhiects and above all with other drugs, ^rom 
the point of view of therapeutical applications, alcohol has obvious 
disadvantages and when it was discovered that amytal had the 
same effect we stopped working with alcohol, altogether. Before 
this was done, however, three more alcohol experiments were 
made. 

In the first of them, on subject E. W., a dose of 163 ccm/72.5 
kgm 33 % alcohol 4 hours after a meal elicited no reduction in the 
intensity of rivalry, as far as the subject told us. At, 30 minutes 
there was a remark to the effect that rivalry was more distinct than 
before and at 94 minutes a similar remark. 

In this experiment, fig. 11, we had chosen an unusually high 
degree of imbalance as a starting level, hoping to be able to repro- 
duce the successful preceding experiment. As the frequency of 
alternations was none the less rather high, the inhibition in this 
case was probably stronger than usual. This might explain the 
negative result. There was nothing unusual about his intoxication, 
as far as noticed during the experiment. It was only slight. 

Subject H. T. was given 203 ccm/90 kgm 33 % alcohol 5 hours 
after a meal. He felt intoxicated almost immediately. After 55 
minutes he saw both of the bars complete and with equal clarity 
for part of the time. The same observation was made at 93 minutes. 

A starting level with the two retinae in balance had been in- 
tended and very nearly obtained in this case. Thus, no effect on 
the degree of imbalance was expected. Eig. 12 shows that very 
little, if any, change occurred. The frequency of alternation was 
reduced, but not greatly. Intoxication was only slight. 

In the subject U. H., who in two previous alcohol experinaents 
had had no similar experience, a strong dose of alcohol, 226 ccm/72 
kgm 33 % on an empty stomach elicited a very marked effect. 
Some of the large number of notes made follow: 

14 minutes: Begins to feel intoxicated and has some difficulty 
in^ signalling correctly. 29 minutes: Rather more intoxicated. 34 
minutes: “Crazy experiment. I saw both bars simultaneously and no 
real alternation. There were no defects in either bar, the cross was 
complete but there were alternations with regard to position. I 
signalled the proximal bar as dominant. Signalling was inaccurate 
and there undoubtedly was simultaneous perception.” 44 xninutes: 

Exceedingly difficult to signal. There is no real difference between 
the \ertical and the horizontal bar, one believes the horizontal 
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bar is subjugated and discontinous at tbe point of crossing but it 
is difficult to grasp tbe situation.” beels very intoxicated. 61 
minutes; Position rivalry only. Simultaneous perception. 55 min- 
utes: Complete cessation of rivalry. No distance between tbe objects. 
61 minutes: As befrae. No clue as to dorninance. 70 minutes: Begin 
of rivalry again. — Eivalry was very weak, however, and after 
balf an bour there were a few runs with simliltaneous perception 
and only position rivalry again. Then tbe drug effect began to 
wear off and tbe different stages were passed in inverted order. 
When tbe experiment ceased 229 minutes after tbe ingestion of 
alcohol, there was still some difficulty in defining tbe alternations. 

In this experiment, too, a starting level with tbe two retinae 
in balance was intended but not so nearly attained as in tbe pre- 
ceding one. With tbe strong dosage used, tbe effect on degree of 
imbalance and frequency of alternations was distinct (fig. 13). 

In tbe following we will describe tbe first experiments with 
alcohol, made before we realized tbe possibility of having tbe 
subjects report the subjective changes in rivalry. Tbe first four 
experiments will be left out, however, as in two of them tbe re- 
cording of tbe degree of imbalance was made in a very primitive 
way and because in none was the frequency of alternations fe- 
corded. 

Fig. 14 shows an experiment in which tbe starting level was 
taken in only four runs. Tbe dosage, 225 com 33 % ethyl alcohol 
on an empty stomach, proved too strong and tbe subject E. B., 
83 kgm, was too intoxicated to be able to signal reliably. This 
explains why tbe experiment fails to show significant changes. 

Fig. 16 shows the result with tbe same dosage in another subject, 
U. H., 72 kgm. A beautifully regular increase in tbe degree of im- 
balance and decrease in frequency was followed by a slow return 
towards tbe normal values as tbe intoxication wore off. 

Fig. 16 shows tbe same dosage again in another subject, K. W., 
69 kgm. Tbe starting level was taken in only six rims two hours 
before tbe experiment. Tbe effect on tbe degree of imbalance and 
frequency of alternation was distinct, but considering the high 
dosage (225 ccm 33 % alcohol) not very great. 

Fig. 17 shows an experiment where tbe result was contrary to 
tbe rule. H. C., 63 kgm, was given 142 ccm 33 % alcohol. I^le 
tbe frequency of alternations as usual showed marked reduction, 
tbe same happened to tbe degree of imbalance. We have no ade- 
quate explanation for this behaviour. 
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Fig. 18 shows the results in our only female case, W. K., 65 kgm. 
She was given 138 com 33 % alcohol. There was a typical increase 
in degree of imbalance and a decrease in frequency of alternation. 
The experiment had to be discontinued prematurely, however, 
because the subject vomited. 

The experiments described show that ethyl alcohol in sufficient 
dosage can completely abolish retinal rivalry. In a subject with 
brisk rivalry, as U. H., the necessary degree of intoxication is 
rather high, however, and the undesired side effects much more 
marked than with amytal or bromural. 

Morphine. Three experiments were made with this drug. 

E. B. was given 2 eg morphine sulphate subcutaneously. 36 
minutes afterwards there was a slight diminution of the depth of 
suppression but no simultaneous perception occurred during the 
100 minutes of the experiment. There was a reduction in the degree 
of imbalance but no influence on the frequency of alternations 
(fig. 19). 

P. Z. received 2 eg of pantopon subcutaneously. When questioned 
30 minutes after the injection, he thought rivalry perhaps to be a 
little weaker than before. This was all, however. Here too, there 
was some reduction in the degree of imbalance and moreover some 
rise in the frequency of alternation (fig. 20). 

U. H. was also given a subcutaneous injection of 2 eg pantopon. 
13 minutes afterwards he felt intoxicated. There was much total 
suppression of the horizontal har. (This subject normally sees very 
little total suppression.) At 16 minutes there was an intensifica- 
tion of rivalry. This was still more marked at 22 minutes, when the 
horizontal bar was msible only for short moments. At 40 minutes, 
rivalry began to return towards normal intensity and was clearly 
perceptible in the rest of the experiment. In some runs, however, 
the subject complained of difficulties in signalling correctly. 

Fig. 21 shows that in this case the changes in imbalance and 
frequency were complicated. The two variables usually under- 
went changes in opposite directions, but the intimate course of the 
curves shows little correspondence with the subjective impressions 
of rivalry. For the present at least we are unable to explain the 
observations. 

The action of morphine on retinal rivalry obviously differs 
fundamentally from that of the depressants listed above. From 
other fields it is well known that morphine causes a mixture of 
central excitation and depression. This may be the case with rivalry 
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too. It is interesting to note that Guillery (1900) observed an 
increase in the faculty of fusion under the influence of morpbine, 
•wbile most depressant caused a decrease. 

Phenobarbital. This drug was among the last tested. The experi- 
ments with alcohol, amytal and bromural, had shown that depres- 
sants of three different classes could abolish the reciprocal inhibi- 
tion of the retinae and we were working with a view to practical 
applications. A cheap drug with prolonged action would be the 
best from this point of view and therefore 3 experiments were 
made with phenobarbital sodium. 

In spite of the fact that the drug was given in solutionron an 
empty stomach, one of the subjects 0. H. did not feel the slightest 
effect of 0.45 gm until the next day. In this case no effect on 
rivalry was noted in the hours following medication, fig. 22. 
Probably absorption was delayed for unknown reasons. The two 
other experiments yielded positive results, however. 

U. H. received 0.3 gm. After 35 minutes he began to feel a little 
dazed. At 51 minutes simultaneous perception was first noticed. 
At 67 minutes rivalry ceased completely for a while. At 80 nainutes 
there were slow shifts in position and sometimes a very narrow 
suppression feinge around the vertical bar, never around the hori- 
zontal one. Pig. 23 shows the decided rise in degree of imbalance 
and reduction in frequency. — Thus, the effect was the same as 
with amytal, bromural and alcohol. 

M. K. was selected for his very brisk rivalry and clearcut total 
suppressions of the subjugated bar. He was given 0.3 ^ on an 
empty stomach. After 26 minutes he felt a little drunk. The first 
rim without any total suppression occurred at 30 minutes. In sub- 
sequent runs there were a few, short, total suppressions or none at 
all. But this was the only difference he noticed. At 95 minutes he 
therefore was given an additional dose of 0.15 gm. 17 minutes after 
this he complained of difficulties in deciding which one of the bars 
was dominant. They had a tendency to appear simultaneously. 
48 minutes after the second dose he said: Bivalry seems to have a 
tendency to disappear, it is often difficult to decide if either of the 
bars is dominant, 62 minutes: Slow, almost imperceptible shifts 
without decided dominance. 

At this stage the subject was informed of the aim of the experi- 
ment and asked to describe more exactly what he saw, without 
bothering to signal any shifts. 67 minutes: There are no shifts of 
position. The vertical bar is more clearly marked than the hori- 
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zontal one. When the horizontal bar dominates, there is a white 
fringe across the vertical one. Sometimes it looks as if the subjur 
gated bar were curved around the back of the dominant one. 
Rivalry is very weak and undecided. 

Rig. 24 shows that the reduction in frequency of alternations 
was distinct. There was, however, no definite increase in degree of 
imbalance. In the last four runs there was, on the contrary, a mar- 
ked reduction. We were unable to give any adequate explanation 
of these aberrant findings. 

Summarizing the evidence presented above with regard to depth 
of suppression we find the following position: 

Rivalry was subjectively weakened or abolished in 4 of 4 ex- 
periments with amytal, 2 of 2 with bromural, 3 of 4 with ethyl 
alcohol and 2 of 3 with phenobarbital. In 1 of 3 experiments with 
morphine there was a marked increase in rivalry and suppression 
while there was an uncertain decrease in 2. In one alcohol experi- 
ment there was an uncertain increase of rivalry. The negative re- 
sult of the one phenobarbital experiment most probably de;^ended 
on delayed absorption. 

It might be argued that every one of the drugs was tested at 
least on one of the authors and that we knew what we wanted to 
happen. Thus, we might have been victims of autosuggestion. 
Quite apart from the corroborative evidence presented in the cur- 
ves, we should like to point out that each one of the above drugs 
was tested on at least one totally unprepared observer too and the 
complete agreement as to results was obtained in every instance 
(with the exception of morphine, where the two authors had dif- 
ferent experiences). Ror what it is worth, we should like to point 
out that we were quite as surprised as the other subjects when we 
first experienced simultaneous perception. 

The data presented do not allow any conclusion as to the relative 
efficiency of the different drugs for the therapeutical purposes 
which we have in view. The only conclusion which seems to be 
possible at the present moment is that depressants, of different 
classes show qualitatively the same effect and that alcohol has 
more side actions in effective concentration than the other drugs 
tested. This conclusion is amplified by single experiments which 
we have made on ourselves with chloral hydrate and trional. 

2 gm of chloral hydrate almost completely abolished the fre- 
quent total suppressions observed by E. B. and caused short 
periods of simultaneous perception. The distinct increase in degree 
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of imbalance and reduction in frequency of alternations is shown 
in fig. 25. 1 gm of trional led to complete cessation of rivalry for 
one run and much reduced rivalry in other runs in an experiment 
on U. H. As shown in fig. 26 there was a decided rise in degree of 
imbalance and reduction in frequency, as with the other drugs. 

It seems, therefore, that the reduction in depth of suppression 
is a common effect of widely differing central nervous depressants 
with hypnotic activity. Now there is one interesting group o 
depressants which has no or only slight hypnotic activity, namely 
the hydantoin derivatives used as anti-convulsant drugs. The 
mechanism of the anti-convulsant action of these drugs is not yet 
understood. Their cortical action seems to be weak, however. 
(BarAny and Stein-Jensen 1946.) We tested the effect on rivalry 
of 0.2 and 0.6 gm of 3-methyl 5.5-diphenyl-hydantoin (hydotin) 
in the subject E. B. There was no influence on rivalry at all. Fig. 
27 shows the curves obtained in the 0.6 gm experiment. 

Discussion. 

We have previously presented evidence for the view that during 
retinal rivalry the retinae proper suffer phasic inhibitions (BArAny 
and Halleen 1948.) One may therefore ask if the influence of the 
drugs on the rivalry phenomenon is a retinal effect or if the effect 
is elicited by action on higher centers. 

■Bernhard and Skoglund (1941) have demonstrated that 
ethyl alcohol is able to interfere with inhibitory phenomena in the 
frog’s retina. In these experiments, a few drops of a 10 per cent 
solution of ethyl alcohol were placed in the opened bulb. The 
concentrations actually effective may therefore have been quite 
large, probably much larger than those used by us. It seems hardly 
probable that in our experiments the main point of attack of the 
drugs was retinal. 

The fact that other disturbances of vision were not noted speaks 
against a peripheral action. In view of the important role that 
inhibitory phenomena in the retina must play for the normal 
function of the photopic eye it seems improbable that any serious 
interference with the retinal inhibition mechanisms could have 
passed unnoticed. 

Thus, while we have no detinite evidence, we are inclined to the 
belief that the effect on rivalry is due to an impairment of the 
central apparatus for single vision. It has been known for many 
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years that hypnotic drugs and alcohol reduce the fusion faculty 
(Guillery 1900). If one remembers that diplopia is a prominent 
symptom in poisoning with these drugs, one is led to the conclu- 
sion that the central apparatus for single vision must he relatively 
vulnerable. In the normal state, this apparatus ensures single 
vision either by fusion or by suppression. Under drugs, the faculty 
of fusion is reduced, as was previously knov?n, and it was perhaps 
only to be expected that the same should be true also for the 
faculty of suppression, as we have shown above. 

This view, that the main point of action is the central apparatus 
for single vision finds some support in the fact that the rivalry 
phenomenon is subject to fatigue. We have seen that in U, H., with 
pauses of 3 minutes, between runs of 1 minute, there was no change 
in rivalry over a period of hours (fig. 3). But when in one experi- 
ment the pause between the runs was reduced to 1 minute, fatigue 
ensued. Fig. 28 shows the result of this experiment. The course of 
imbalance and frequency are seen to be exactly the same as under 
the influence of a depressant drug. It seems improbable that the 
retinal mechanism for inhibition should be so easily fatigued. On 
the other hand, the central mechanism for single vision must be 
relatively easily fatigued, as clinical experience with the hetero- 
phorias shows. 

It may be mentioned that in the subject E, B. we did not suc- 
ceed in fatiguing the rivalry mechanism. 

Finally a remark concerning stereoscopic vision. Livingstone 
(1939) has pointed out that retinal rivalry and stereopsis may be 
correlated in some way. He has found that good stereopsis and 
brisk rivalry occur together. We therefore have made a few ex- 
periments to see if binocular depth perception disappears together 
with rivalry. This was not the case. We have as yet made too few 
quantitative experiments to be able to state with certainty if 
there is any reduction in the ability of depth perception when 
rivalry is stopped by drugs. 

The present investigation was aided by a grant from Svenska 
Siillskapet for Medicinsk Forskning, which is here^vith gratefully 
acknowledged. 


Summary. 

The influence of drugs on retinal rivalry between a horizontal 
and a vertical bar was studied with the aim of finding pharmaco- 
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logical agents -wliicli miglit become useful in tbe treatment of 
suppression and amblyopia in squint. 

Amytal, bromural, chloral, ethyl alcohol, phenobarbital and 
trional can weaken or abolish retinal rivalry^ Under the influence 
of these drugs, completely simultaneous perception of the two dis- 
parate objects may occur. In less pronounced cases only a decrease 
in depth of suppression of the momentarily subjugated image 
is observed. Together with the decrease in intensity of rivalry the 
drugs cause a decrease in the frequency of alternation. If, in the 
normal state, there is an imbalance between the two competing 
pictures, one of them being dominant more than half of the time, 
the degree of imbalance usually increases when rivalry is weakened 
under the influence of the drugs. 

Morphine in one case caused a marked increase, in two other 
cases uncertain decreases in rivalry. 3-methyl-5,5-diphenyl-hydan- 
toin (one case) had no effect on rivalry. 
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Metabolism during tbe metamorphosis of the insects has interested 
various investigators. A summary of the literature on this subject 
up to 1929 has been made by Needham 1929. Concerning the gas 
metabolism a large number of experiments have shown that the 
oxygen consumption and the carbon dioxide production give 
U-shaped curves in relation to the developmental period. During 
the pupal development the total metabolism seems to pass through 
a minimum which appears to be determined for individual species 
belonging to different holometabolic groups of insects. In addi- 
tion to Needham’s summary (1929) the following works may be 
mentioned — Biptera: Frew 1929, Dobzhansky and Poulsen 
1935, Squire 1936, Haub and Hitchock 1941. Eymmoptera: 
Bodine and Evans 1932, Melampy and Willis 1939. Lepidoptera: 
Balzam 1933, Squire 1936, Schwan 1940, Agrell 1947. Cole- 
optera: Ludwig 1931, Squire 1936. The heat production during 
the metamorphosis seems to follow the same U-shaped course 
according to researches by Balzam 1933 and Crescitelli and 
Taylor 1937. In certain cases the variations in the pH as shown 
by Fink 1925 (Col.), and in the KQ as reported by Agrell 1947 
(Lep.), may give analogous U-curves. There are also several 
reports on the chemical changes in metabolism during the meta- 
morphosis. The course of the metabolism, as a rule, however, 
has not been followed during the entire metamorphosis but 
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comparative determinations of experiments have been made on 
larvae, pupae, and imagines, respectively. The following more 
recent reports can also be mentioned in addition to the Need- 
ham summary — Diptera: Feew 1929, Evans 1932 (carbohy- 
drate-, fat-, protein-metabolism), Blaub and Hitchock 194:1 
(N-metabolism, carbohydrate synthesis). Lepidoptera: Rudolfs 
1926, 1927, 1929 (carbohydrate-, fat-, protein-metabolism), 
Leifeet 1935 (execretory metabolism), Babees 194:1 (glycogen 
metabolism), Ageell 194:7 (fat-, carbohydrate-metabolism). Cole- 
optera: Evans- 1934: (carbohydrate-, fat-, protein-metabolism), 
Beckee 1934: (fat metabolism). Concerning the researches on the 
enzyme systems during the metamorphosis the classical work by 
Batelli and Steen 1913 should be mentioned and also the 
following papers: Fine 1930 (catalase activity in Leptinotarsa, 
Col.), WoLSKY 1938 (eflect of carbon monoxide on Drosophila, 
Dipt.), Beotvn 1938 (enzymes concerning N-metabolism in 
I/udlia, Dipt.), Wolsky 1911 (dehydrogenase system in Droso- 
phila, Dipt). Concerning the morphological bases of the physio- 
logical changes, finally, there are reports on all the above-mentioned 
groups. Peeez’ detailed work on GalUphora 1910, is of special 
interest in this connection. These earlier investigations will be 
referrea to in the following results. 


Material and Methods. 

The material used in this investigation Was pupae and praepupae 
of the fly Calliphora eryihrocephala Meig, which represents an advanced 
type of holometabolic metamorphosis as a highly specialized dipter. 
Initial cultures Were obtained from the laboratory of Dr. Ellen Thom; 
SEN, Copenhagen. Imagines were then reared in net cages and fed on 
water, cane sugar, raw beef, and ordinary household yeast, the latter in 
order to provide the necessary amount of vitamins. The flies were kept 
xt a room temperature of -|- 22° C ± 0.5° C, and the breeding of larvae 
i nd pupae took place at this temperature; the larval stage Was about 
5 days, the praepupal stage 2 days, and the pupal development 11 days. 
The transition from praepupa to pupa is not morphologically notice- 
able. Larvae are considered praepupae when they have stopped eating, 
have left the meat, and have emptied the intestinal canal. The pupa- 
tion took place in moist sand to which the larvae made their way of 
their own accord. Enzyme determinations as well as respiration ex- 
periments were usually made every day, starting one day befop pupa- 
tion until the hatching of the pupae. The temperature was m these 
experiments somewhat higher than the breeding temperature, -f 25 0 
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± 0 . 2 “ C, becatise difficulties arose in maintaining the temperature 
of the water baths at a constant temperature of 22° C the illumina- 
tion apparatus causing a gradual heating of the bath above this tem- 
perature during the enz 3 Tne experiments. The material for the enzyme 
determinations consisted of approximately 2,500 different tube tests. 
The following tests were made; 

Determination of the gas metabolism. 

The determination of the oxygen consumption, the carbon dioxide 
production and thus also of the respiratory quotient was performed 
on living pupae with the Thimberg microrespirometer. The method 
has been described by Thttnbekg 1905, Johansson 1920, and Agrell 
1947 among others. In each separate experiment 10 pupae were used 
with an average weight of about 70 mg. On the identically same pupae 
enzyme tests were made.- The results are given in Fig. 1. Every point 
on the curve represents the average value of 3 separate determinations. 

Determination of the activity of the dehydrogenase systems. 

The investigation of the activity of the dehydrogenase system, 
that is to say the hydrogen-activating capacity, was made with Thun- 
berg’s methylene blue method, according to Thunberg 1936, In this 
method methylene blue, called Mb in the following report, is used as 
the hydrogen acceptor and is decolorized while producing leuco-Mb. 
The rapidity with which the !Mb is decolorized is considered an indica- 
tion of the rate at which the transport of hydrogen occurs in the de- 
hydrogenase systems. This metabolic rate can thus be measured and 
so also the activity of the dehydrogenase systems. The rapidity with 
which the decolorization of Mb occurs is the reciprocal of the time of 

the decolorization. In this investigation the value -r^XlOO has been 

^ time 

used. The capacity of hydrogen transport within the unaffected pupal 
mass, i. e. the spontaneous activity of the dehydrogenase systems 
present, is determined in the following manner. Each Thunberg tube 
was filled with 1 ml, buffer solution and 0.6 ml. Mb-solution. One pupa 
was crushed with a glass rod in each tube which was then evacuated 
for one minute to remove the oxygen and placed in a water bath of 
-f 25° G. The time required for complete decolorization was noted. The 
Mb-solution used had a concentration of 1 : 50,000, The buffer was 
0.007 M potassium-sodium phosphate of pH = 7.5. The optimum pH 
for spontaneous decolorization seems to lie around 8. The water bath 
was of the type described by Johansson 1931, in which a spiral-shaped 
rotor was used for the stirring. A possible source of error due to the fact 
that the evacuation time was a varying part of the decolorization time, 
was excluded by direct correction. The results of these experiments 
are given in Figs. 1 and 2, Each point of the curves represents the average 
value of 10 separate tube tests. In the experiments according to Fig. 1, 
all the determinations of the gas metabolism were performed on the 
identically same individuals, first the determination of the gas metab- 
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olism in vivo and half an hour to one hour later the determination of 
the spontaneous activity in vitro. 

Investigations have been carried out, too, on the effect of various 
organic substances, -which might act as hydrogen donors for the various 
dehydrogenases, on this normal metabolism. Then 0.5 ml. of the phos- 
phate buffer of the preceding experimental series Was substituted by a 
0.6 ml. donor solution with a concentration of O.i M. The actual donor 
concentration at the beginning of each experiment vras thus at least 
0. 0 3 3 M, the total volume of solution always being 1. 5 ml. The substances 
used will be reported in the part of this investigation dealing with the 
results. Only potassium salts of the organic acids have been used with 
the exception of the lactate which has been used as lithium lactate. 
The substances tested were chemically pure and as freshly made as 
possible. 

The addition of a substance which can act as a hydrogen donor for 
one of the dehydrogenases active in vitro will cause an increase in the 
Mb-respiration, that is in the hydrogen-activating capacity when 
compared to unaffected controls, as indicated by a shorter decoloriza- 
tion time, and consequently an increased decolorization rate, provided 
that the dehydrogenase system in question is not saturated beforehand 
with this donor in the form of a spontaneous donor. The increase in the 
metabolic rate after the addition of a certain substance leads us to 
conclude that the corresponding dehydrogenase enters into the reac- 
tion mass of the pupal material examined, and further that the enzyme 
system in question is not saturated by this spontaneous donor. Such 
determinations have in this investigation been made for some 30 differ- 
ent substances. 

An investigation of the quantitative effect of these substances during 
the whole metamorphosis is of interest. It is disputable how such a 
quantitative change in the metabolic rate should be expressed. It might 
be expressed only as the difference in rate before and after the addition 
of .the donor or in per cent of the unaffected spontaneous activity. 
If it is assumed that only one of simultaneously active enzyme systems 
is affected by the donor added, it seems most suitable not to express 
the difference in per cent of the total rate. Although naturally there 
always exists the possibility of, for instance, competetive inhibition, 
or, perhaps, of catalytic activity on the part of the donor added, no 
pronounced quantitative connection between the various and simul- 
taneous enzyme systems should be presupposed. Eor the change brought 
about by an addition of donors the author of this investigation has 
therefore, in accordance with Thxtnberg 1936, used the expression 

— gj X 100, where A denotes the decolorization time after the 

donor addition and B the decolorization time for corresponding 
controls without the addition of donors. The same expression is used 
to denote a corresponding inhibition. . , 

The question arises whether this change in the metabolic rate signifies 
something else besides the presence of an active dehydrogenase system. 
It cannot be a measure of only the enzyme activity for a constant 
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enzyme activity witli varying concentrations of spontaneous donors 
gives different values for the change in the metabolic rate upon addi- 
tion. of a donor. On the other hand the change can not merely he a 
measure of the concentration of spontaneous donors. It should be 
observed that a constant concentration of spontaneous donors with 
varying enzyme activity gives different values for the change in activity 
mentioned. In addition there is the effect of a possibly existing co- 
enzyme, A change observed in the metabolic rate reflects thus both the 
effect of the concentration of spontaneous donors and the enzymatic 
activity, that is to say the activity of the dehydrogenase system. It 
would perhaps be most correct to call this activity the potential 
activity as opposed to the actual activity which can be 
established through the influence of a specific inhibitor. As an illustra- 
tion a dehydrogenase system may be actually inactive, for example 
due to the absence of a spontaneous donor. An addition of this donor, 
however, results in an increased activity; the enzyme system is able 
to function, i. e. it has a potential activity. 

The investigation has now been extended to include researches on 
the quantitative changes in the potential activity of different dehydror 
genase systems during the entire metamorphosis. Altogether 16 sub- 
stances have been investigated in this maimer. The results are recorded 
in Fig. 3 in the form of curves which fluctuate in relation to a zero line 
denoting no measurable change upon the addition of the substance 
in question. Each point on the curves represents an average value of 
8 — ^10 identical tube tests. The changes observed refer to corresponding 
curves of the spontaneous activity in Fig. 2, so that hexose diphosphate, 
lactate, and propionaldehyde refer to curve A in Fig. 2; acetate, pro- 
pionate, butanol, butanal, butyrate, and aminobutyric acid to curve 
B; succinate, fumarate, malonate, ethyl alcohol, propanol, and acet- 
aldehyde to curve C; and finally, malate to curve D. The results will 
be discussed further on in this paper. 

The isolated enzymatic activity during the metamorphosis has until 
now been determined only for the succino dehydrogenase, which does 
not requite the presence of co-dehydrogenase for the reduction of Mb. 
The following method Was used; Two pupae were crushed in a centrifuge 
tube containing 15 ml. distilled water. The pupal matter was Washed 
by means of a cautious stirring with a glass rod for 15 minutes. The 
tube with its contents Was then centrifuged, 3,600 revolutions per 
minute, for 10 minutes, after which the washing was repeated. After 
renewed centrifugation the sediment was transferred to Thimberg- 
tubes containing 0.5 ml. phosphate buffer, and 0.5 ml. 0,1 M. potassium 
succinate. Controls in which the succinate was exchanged for the same 
amount of buffer were prepared in the same way. When calculating 
approximatively the Mb concentration and the pupal amount previously 
used, it was observed that the spontaneous activity had now fallen to 
2 per cent of the original value. The enzymatic activity is still expressed 
as the difference between the decolorization rate after addition of a 
donor and that of the controls. The result appears in Fig. 1. The change 
in activity expressed in per cent of the control activity gives the identi- 



322 


IVAR AGRELL.- 


cally same curve. Eacli point on the curve represents tlie average of 10 
tube tests. An experimental series made at the same time but with 
somewhat lower dilution in the washings, gave similar result. 

The determinations of pH in pupal serum according to Fig. 1, finally, 
have been carried out colorimetrically by means of a modified Hellige 
comparator. The separate measurements are therefore fairly uncertain, 
but the U-shape of the curve might be regarded as definite. The sta- 
bility of the buffer was also controlled in connection with the determi- 
nations of the decolorization time in the Thunberg-tests experiments. 
An electrometric method was used, which could not be employed in the 
determination of pH in the pupal serum owing to a lack of micro- 
electrodes. Tests were carried out at different periods of the, pupal 
development. The pH variation of the buffer was never greater than 
■ — 0.2 units and as a rule it was constant or showed only a slight de- 
crease. 


Results. 

The gas metabolism, oxygen consumption, and carbon dioxide 
production describes a U-shaped curve during the pupal meta- 
morphosis, Fig. 1. No decrease in the respiratory rate immediately 
before batching -was observed. The pH-variation also follows a 
U-shaped course, Fig. 1. The variation in RQ, on the other hand, 
sho A s only a tendency to a U-curve, with irregular fluctuations. 
Fig. 1. The spontaneous activity, i. e. the hydrogen-activating 
capacity of the dehydrogenase system in vitro also fluctuates along 
a clear U-curve, Figs. 1 and 2. A maximum in this activity occurs 
at pupation. The same maximum in the gas metabolism is prob- 
ably present but cannot be seen in the results obtained. The 
measurement of the gas metabolism does not represent the basal 
metabolism as, contrary to pupae, the praepupae are in motion 
and consequently the resulting measurements must be considered 
too high when compared with other values during the pupal 
period. The variation of the spontaneous activity of the dehydro- 
genase system is of the same magnitude as that of the gas metab- 
olism. It might therefore be justly presumed that the much 
disputed U-shaped course of the respiratory curve during the 
pupal metamorphosis can, at least to a certain extent, be retraced 
to variations in the activity of the dehydrogenase systems. This is 
in agreement wdth similar investigations on DrosofMla (Wolsky 
1941). Contrary to Wolsky no absolute accordance was observed 
here in the courses of the two curves. As appears from Fig. 1 
the curves obtained from investigation of identical individuals 
show different asymmetry: the curve for the gas metabolism is 
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asymmetric to the left, and the curve for the spontaneous activity 
is asymmetric to the right. It is possible that the variation in the 
gas metabolism also depends on the fluctuation of other respiratory 
enzymes with higher redox potentials. It is also interesting to note 


O 




Pig. 1. Oxygen consumption, hydrogen-activating capacity (tho spontaneous 
activity), respiratory quotient together with pH in blood serum during tho 
metamorphosis of Calliphora. The ordinate represents ml, Og per kg and hour, 
the magnitude of tho Mb-respiration, RQ-units and pH-units, respectively. The 
abscissa represents the pupal period in days. P denotes praepupa one day before 

pupation. 


the temporary decrease in the spontaneous activity occurring in 
some experimental series, Figs. 1 and 2, at about 65 % of the pupal 
time, which does not appear in the curve for gas metabolism. 

A number of organic compounds have been observed to stimu- 
late the spontaneous enzymatic metabolism. These observations 
have only been carried out during the period of minimum metab- 
22 — i721Gl. Acta phys. Scandinav. Yol.14. 
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olism, that is to say at about the middle of the pupal time, as 
preliminary experiments with certain substances had shown an 
increase in the metabolic rate during this very period. The follow- 
ing substances, enumerated according to their effective power, 


A 



Fig. 2. Hydrogen-activating capacity, i. e. the spontaneous activity, during meta- 
morphosis, in four experimental series. The ordinate represents the magnitude of 
the Mb-respiration. The abscissa represents the pupal period in days as in the 

preceding fig. 

have shown a statistically significant increase in the spontaneous 
metabolic rate: fumarate, 1-malate, glutaminate, glycocoll, pro- 
panol-1, butanol-], alanine, formiate, valine, succinate, butanal, 
ethyl alcohol, d-lactate, hexose diphosphate, a-amino-butyric 
acid, leucine, pyruvate, n-butyrate, /?-hydroxybur 3 Tate, pro- 
■pionaldehyde, acetaldehyde, iso-valeral aldehyde, giycollate, 
acetate, iso-butyrate. There is thus reason to assume that corres- 
ponding dehydrogenases are active during the metamorphosis of 
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CaMphora. Insignificant increase or none Avhatsoever is observed 
for the folloAving compounds: xylose saccharose, eryhtritc, glucose, 
propionate, capronate, iso-valerinate, caprinate, tartarate. A def- 
inite inhibitory effect was produced by the following substances: 
formaldehyde, malonate, and d-l-asparagine. A possible faint 
inhibition was caused by methyl alcohol, glycerol, and glyceryl- 
phosphate. The reason for the inhibitory effect of these substances 
cannot be established on this preliminary material. The inhib- 
itory effect of malonate, hoAvever, confirms the presence of suc- 
cino dehydrogenase, as malonate is considered a specific inhibitor 
of this enzyme. When a substance fails to produce an effect, this 
does indeed not necessarily mean that’ the substance in question 
is respiratory inactive. As has been pointed out before, an effect 
that fails to appear may well be explained by the fact that the 
dehydrogenase system is already saturated with a spontaneous 
donor. It will also be demonstrated later on that the potential 
activity of the enzyme systems fluctuates dming the pupal 
development so that an activating influence driring one period 
may even change into an inhibitory effect during another. 

The qualitative determination of active dehydrogenase systems 
has now been supplemented by investigations on quantitative 
changes in the potential activity of certain dehydrogenase systems 
during the entire pupal development. As a measure of these changes 
the difference in decolorization rate for Mb before and after the 
addition of enzyme active substance was used, as has been pre- 
viously mentioned. The results are given in Fig. 3. The fluctua- 
tions are obviously systematic. Two different types can be dis- 
cerned; one displays the same variation as the spontaneous 
activity. During periods of high spontaneous activity an addition 
of a donor causes a strong increase in the decolorization rate, 
but in times of low spontaneous activity only a slight increase. 
Among the compounds hitherto examined the three alcohols 
belong to this group. The other substances examined have another 
rhythmic effect upon the spontaneous activity during the pupal 
development. The conclusion is that the dehydrogenase systems 
affected by the substances in question fluctuate periodically in 
their potential activity during the metamorphosis. Corresponding 
curves show a succession of maxima and minima. Fig, 3, Three 
maxima and two m.inima seem to be the rule. In many cases a 
minimum means an actual inhibition. The fluctuations seem 
further to be similarly timed, thus corresponding to generically 
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Fig. 3. Chf^nges in the hydrogen-activating capacity, the potential activaty of the 
various dehydrogenase systems, under the influence of various substances during 
metamorphosis. The ordinate represents changes in the Mb-respiration, the abscissa 
the pupal period in days as in the preceding figs. 


critical periods in the intermediate metabolism during the meta- 
morphosis. Maxima occur immediately after pupation, at about 
30 % of the pupal time and at about 70 — 80 % of the pupal time. 
Minima occur at 10 — 20 % and at about 60 — 60 % of the pupal 
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time. Among the substnnce.s examined only pro]>ionato and amino- 
butjTic acid arc exceptions: the last maximum <loes not appear 
clearly, in the latter case perliaps due to the fact that spontaneous 
donors, amino acids, diminish rapidly with advancing histogenesis. 
The inhibitive influence of the mnlonate will be discussed later. 

A determination of the isolated enzymatic activity has, as 
mentioned before, only been carried out on one enzyme, succino 
dehydrogenase which does not reejuire the presence of any co- 
enzyme in order to reduce ^tb. The result is represented in Fig. 4. 



Fiej. 4 , Clinngcft in tlio Furi'ino-dctiyilrogcnnRc nctivjty iinilfr mclftiiiorptiosi.R. The 
onlinate represents the tiegree of activity, the abscis'in the pupal prrioil in t1nj-a 

ns in pn-ceUing figs. 


Evidently succino dehydrogenase undergoes fluctuating changes 
in its activity during the pupal development. The curve shows 
alternating minima and maxima, three minima and two maxima. 
A comparison with the effect of succinate on the .spontaneous 
activit)’’ during the metamorphosis, Fig. 3, gives an amazing result. 
This variation occurs inversely to that of the actmty of the 
succino dehydrogenase; maxima correspond to minima, so that the 
activity of the succino dehydrogenase is high wdicn the potential 
activity of tlic system is low and vice versa. After one day’s pupal 
time when the activity of the succino dehydrogenase .shows a 
maximum, an addition of succinate may oven prove immediately 
inhibitive on the spontaneous activity. The fluctuation is not 
explained by the assumption of corresponding variations in the 
actual donor concentration, but leads to the assumption of a 
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formation of some substance "with inhibitory effect during the 
■metabolism of succinate, a substance formed only in the unaffected 
pupal mass and not in the washed substrate. When the succino 
dehydrogenase activity is high the concentration of inhibitive 
substance increases but decreases with a lower degree of activity. 
It follows further that an optimum of the succinate metabolism 
should exist at a relatively low succino dehydrogenase activity. 
At the present state of this investigation it is impossible to say 
which is the inhibitory substance. It is probably one of the oxida- 
tion products of succinate, fumarate. Keilin and Hartree 
1940 have thus demonstrated that oxalo acetate can inhibit the 
oxidation of succinate. 

As has been previously mentioned malonate inhibits the Mb- 
respiration during a part of the pupal development, viz. during the 
period of minimal metabolism. Fig. 3. The actual activity of the 
succino dehydrogenase system is thus reflected by this inhibition, 
malonate being a specific inhibitor; the system functions there- 
fore only under about 10 — 65 % of the pupal time. — The fact 
that the system does not function during the remaining pupal 
time can be explained by a more or less complete absence of 
donors. It should be observed that the fluctuation during the latter 
part of the pupal time is entirely within the limits of error of the 
method. — The inhibition is percentually high, maximally over 
50 %, indicating that more than 50 % of the total Mb-respiration 
is mediated by the succino dehydrogenase during this period. 
The great participation of the succino dehydrogenase system in 
the total respiration suggests the existence of a vast metabolic 
cycle, in which the succino dehydrogenase system is included, for 
instance KjaEss’ citric acid cycle, Szent-Gyorgyi’s C 4 -cycle, and 
others. This view is further strengthened by the fact that at 40 % 
of the pupal time, for instance, an increase in the Mb-respiration 
on the addition of succinate in the presence of the other spon- 
taneous donors and the co-enzymes, Fig. 3, is about 100 times 
greater than when these substances have been largely washed away. 
Fig. 3 and 4. It should be noted that, under the experimental con- 
ditions used, washing and centrifuging, a removal of the strongly 
cell-bound succino dehydrogenase by washing was hardly possible. 
There is reason to assume, then, that when the respiration during 
the pupal development approaches a minimum it is supplemented 
by a previously inactive oxidative metabolic cycle, in which the 
succino dehydrogenase is an integrating cycle, so to speak, thus 
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preventing the respiration from reaching too low values. This 
"succinic cycle” should also affect other dehydrogenases than the 
succino dehydrogenase and thus other substances than the suc- 
cinate, In fact, the presence of this assumed cycle can be observed 
in the change of the potential activity of most of the enzyme 
systems examined. There exists a maximum occurring more or 
less at the same time as in the actual function of the succinate 
system. A peculiarity in the variation of the total unaffected 
spontaneous activity can now be explained, too, by the assumption 
of the above-mentioned succinic cycle. After about 55 % of the 
pupal time there occurs in some experimental series an absolute 
decrease in the spontaneous activity, Figs. 1 and 2. This tempo- 
rarily diminished activity, previously mentioned, ocQurs about 
the same time as the discontinuance in the activity of the pre- 
sumed succinic cycle and might perhaps be considered to be 
caused by the disappearance of this supplementary respiration. 

The present investigation deals with the variation in respiratory 
enzyme systems, in other words, the intermediary oxidative 
metabolism. It is therefore difficult to compare the results with 
those obtained by other scientists, which concern the integral 
metabolism as reflected by the absolute amount of metabolic 
products. A comparison is made still more difficult by the fact 
that earlier investigations often do not discuss the successive 
metabolism during the entire period of metamorphosis but only 
isolated parts; larva, pupa, imago. A few investigations may be 
mentioned in this connection, however. Of particular interest are 
those dealing with the metabolism of diptera, especially of Calli- 
fliora and related species. 

It has been previously mentioned that all diptera hitherto 
examined show a U-shaped fluctuation of the gas metabolism 
during the metamorphosis agreeing with that obtained in this 
investigation. Concerning the biochemical changes during the 
metamorphosis the following may be mentioned; in a research 
on CaUipliora (1905 — 1909) Weinland assumes a fat formation 
from protein in the larval stage but not during the pupal develop- 
ment. During the former stage a fat combustion takes place as 
well as an oxybiotic carbohydrate synthesis of protein. Carbo- 
hydrate does not seem to be subject to combustion but forms 
chitin. Anoxybiotically there occurs a gas formation in vitro of 
2 vol. CO 2 and 1 vol. Ha from fat. The total amount of N is constant 
during the pupal time. Tange’s investigations of Ophyra (1909) 
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seem to give fairly similar results. In a report on Calliphora 
(1929) Feew indicates a carbohydrate synthesis from protein 
during the pupal time especially at pupation. During the latter 
part of the pupal development he assumes the possibility of a 
carbohydrate synthesis from fat. The total amount of N is con- 
stant. In his investigations of Lucilia (1932) Evans assumes, 
in agreement with Weinland, an eventual fat formation from 
protein. It is interesting that a transformation of soluble protein-N 
to insoluble evidently occurs at the assumed beginning of the 
histogenesis. As the pupal development proceeds excretory -N 
rises, peptone-N and amino-N fall, and chitin-E remains almost 
constant. The concentration of the total amount of fatty acids 
passes a maximum shortly after the beginning of the histogenesis. 
This maximum seems, however, to affect only the unsaturatecl 
fatty acids. In their researches on Phormia (1941) Haub and 
Hitchock seem to have established a carbohydrate synthesis 
mainly from fat. A maximum of gaseous N-excretion occurs at 
pupation. 

For reasons previously given these partly contradictory results 
have few points of corrparison with the results submitted in this 
investigation. It is most remarkable that there does not seem to be 
any clear periodicity in the metabolism of the food substances 
which, however, is not necessarily evident in the integral metab- 
olism, The iollowing points from the results obtained in this 
investigation should, how^ever, be stressed: the predominant fat- 
and -protein-nietabolism of the pupal development; the biochemi- 
cally apparently critical period around the pupation; the trans- 
formation of soluble protein into insoluble at the beginning of the 
histogenesis; and the simultaneously occurring maximum in the 
fat metabolism. These critical periods may concur with periods 
observed in the fluctuations of the intermediary metabolism. In 
this connection can be mentioned the observations by Ageell 
(1947) on the fixed phases in the gas metabolism of diapusing 
butterflies, which appear successively during the metamorphosis. 
These stages are characterized by constant EQ- values, indicating 
a temporary stabilization of the relation between fat- and carbo- 
hydrate-metabolism. 

Certain parallels can be drawn, however, to researches on the 
respiratory-active enzymes. The occurrence of succino dehydro- 
genase, “succino oxydon” in various insects, also in Gallipliora, 
has been established by Batelli and Steen (1913) by experi- 



HYDROGEN-ACTIVATING ENZYMES 


381 


ments in vitro. The oxidation of the succinate, however, is re- 
corded lower for insects than for red musculature, liver etc. of 
mammals. A parallel is given between the intensity of gas metab- 
olism and succinate oxidation in different insects. Citrate, 
lactate, acetate, and glucose do not affect the respiration according 
to these authors. Alcohol oxidase has been noted only in Bombyx- 
larvae (Lep). These results, which have been obtained by means 
of respirometric examinations, disagree to a certain extent with 
the results submitted here. There is, for instance, no parallel 
between the magnitude of the gas metabolism and the succinate 
oxidation. Lactate, acetate, alcohols, and citrate, affect the 
Mb-respiration. A periodically varying effect has been noted for 
the three first-mentioned substances. Fink (1930) has observed a 
maximum of catalase activity at the pupation of Leptinotarsa 
(Col.), which stresses the character of the pupation as a biochem- 
ically critical period. Of special interest are the researches by 
WoLSKY (1938 and 1941) on Drosophila (Dipt.). The first paper 
reports a decreased sensibility in the respiration for C0 during 
the period of minimal gas metabolism. The author suggests the 
reason to be either a destruction-rebuilding of the Warburg- 
Keilin system or an accumulation-removal of respiratory poisons. 
His result might possibly be associated with the succinic cycle 
assumed in this investigation during the period of minimal metab- 
bolism. Wolsky’s second publication deals with the quantitative 
changes in the dehydrogenase systems during the pupal meta- 
morphosis examined by means of the Mb-method. Oxygen con- 
sumption and spontaneous activity are said to be directly parallel. 
An addition of succinate does not alter the results. The author 
concludes that the dehydrogenase system is saturated with 
spontaneous donors during the entire pupal development. The 
results disagree to a certain degree with those submitted in this 
paper. The parallel between oxygen consumption and spon- 
taneous activity, is, for instance, not complete. The two curves 
show different asymmetry. Nor is an addition of succinate without 
effect; a significant and systematic variation in activity is observed. 

There are no investigations on quantitative changes in the hor- 
mone production during the pupal development. It would be of 
the utmost interest to establish an eventual correlation between 
enzyme activity and hormone production. According to histo- 
logical investigations by Vogt on Drosophila (1941) and on 
GaUiphora (1943), an increased production of hormone seems to 
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take place from, the ring gland and the corpus allatum respectively, 
at the beginning of the pupal development. 

Finally, concerning the morphological basis of the above- 
mentioned biochemical changes, several attempts have been made 
to show that a parallel exists between the U-shape of the respira- 
tory curve and an alternating histolysis and histogenesis. This 
view is probably now discarded (cf. Needham 1929 and Dobzhan- 
SKY and PouLSEN 1935), one of the reasons being that in care- 
fully examined cases the histolysis is completed at a time when 
the metabolism is still decreasing. According to Perez’ thorough 
researches on the pupal metamorphosis in CaUiphora (1910), it 
appears to be difficult to fix any time at which the amount of 
organized material is larger or smaller than at any other. In other 
words, histolysis and histogenesis of the various organic systems 
occur simultaneously. Some results on the dissection of living 
individuals of the CaMtp/tora-pupae examined here may be added 
to Perez’ investigation on fixed material. 

Shortly after the pupation, at about 8-^10 % of the pupal time, 
the pupa changes its tracheal system. Abdominal tracheae are 
substituted by thoracal. During this time neither of the tracheal 
systems seem to function effectively as they are hardly air- 
filled. At about 60 % of the pupal time the heart starts working 
and at about 70 % of the pupal time the granulocytes disappear 
entirely from the blood serum. These data coincide with critical 
periods observed in the activity of the dehydrogenase systems. 
It is thus quite possible that the functional capacity of the various 
organic systems is gradually accumulated to form the total res- 
piration observed in the U-shaped respiratory curve. The imme- 
diate cause is, however, to be found in a parallel variation in the 
activity of the respiratory enzyme systems. 

The technical work in this investigation has been carried out 
by Miss Elsa Eosengben. The investigation has been facilitated 
by grants from the Scandinavian Insulin Foundation and from 
the Swedish Government Eeseaxch Board for Natural Science. 


Summary. 

1) The aim of this investigation has been to study the variation 
of the intermediate oxidative metabolism during insect metab- 
olism as reflected in the activity of the dehydrogenase systems. 
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Pupae and praepupae of the fly CaUifliora eryiJirocepJiah Meig, 
were used and proved to be excellent experimental material for 
this purpose, 

2) The gas metabolism, oxygen consumption, and carbon 
dioxide production, determined by means of the Thunberg- 
microspirometer, described a U-shaped curve during metamor- 
phosis. It was shown by the application of Thunbergs’ methylene 
blue method that the experimental animals were carriers of hydro- 
gen-activating enzyme systems. Variations in the hydrogen- 
activating capacity of the dehydrogenase systems or their spon- 
taneous activity arc likewise U-shaped and of the same order 
of magnitude as that of the gas metabolism. Por this reason it is 
assumed that the U-shaped course of the respiration is, to a cer- 
tain degree, connected with variations in the activity of the de- 
hydrogenase systems. There is, however, no absolute agreement 
between the variations in the gas metabolism and the dehydro- 
genase activity. Variations in pH in the serum also give a U- 
shaped curve. 

3) About 30 organic compounds have been found capable of in- 
creasing the hydrogen-activating capacity of the experimental 
animals in vitro. There is reason to assume that corresponding 
dehydrogenases are active during metamorphosis. Also inhibiting 
substances axe observed. 

4) Changes in the hydrogen-activating capacity due to the ef- 
fect of 16 different substances have been followed during the 
entire metamorphosis. The results obtained show systematic, 
periodically occurring variations in activity, which are considered 
an indication of the change in the potential activity of the icspec- 
tive dehydrogenase systems. 

5) The fluctuations in the potential activity seem to occur at 
definite time intervals and for this reason it is thought that they 
represent generally critical periods in the intermediary oxidative 
metabolism during metamorphosis. 

6) The changes in the activity of the succino dehydrogenase 
has been studied during the entire metamorphosis, as well as the 
inhibitory effect of malonate and the influence of succinate on the 
spontaneous activity during the same period. The results obtained 
give reason to assume the existence of a "succinic cycle” during 
the period of minimal metabolism during the metamorphosis. 
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On the Effect of Copper on Cytochrome Oxidase. 

By 

GUNNAR STEENSHOLT. 

Eeceived 3 September 1947. 


It lias been known for a long time that copper is one of those 
metals wbicb, though present only in minute amounts, are of 
great importance for various chemical reactions in the animal 
body. Its absence from the diet causes symptoms of disease. It 
is, however, only in more recent years that copper has been as- 
sociated with more specific cellular components and with definite 
chemical processes. In the present note we shall first draw atten- 
tion to the work of Cohen and Elvehjem (1934:), who reported 
that in nutritional anemia of rats the cytochrome content of heart, 
liver and brain was markedly decreased. The addition of small 
amounts of copper to the diet of anemic rats restored the normal 
cytochrome spectrum, while iron did not have any effect. When 
indophenol oxidase activity of the liver was measured by means 
of the nadi reagent an analogous result was obtained. 

It is well known that more recent work has established the iden- 
tity of indophenol oxidase and cytochrome oxidase. Moreover, 
better methods for the determination of cytochrome oxidase 
activity have been worked out (Stotz, Sidwell and Hogness 
1938). These developments made it possible for Schultze (1939) 
to repeat and extend the work of Cohen and Elvehjem. In the 
experiments of Schultze rats were made anemic by the method 
of Elvehjem and Kemmerer (1931). For determination of cyto- 
chrome oxidase activity the animals were decapitated, and the 
required organs removed and homogenized. Their cytochrome 
oxidase activity was then measured by the method of Stotz 
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et. al. just referred to. In this -way liver and heart tissue of copper 
deficient and of iron deficient rats was studied. It was found that 
in copper deficiency (when iron was fed) the cytochrome oxidase 
activity of liver and heart tissue, expressed per unit weight, was 
greatly reduced. In iron deficiency (when copper was fed) the 
cytochrome oxidase activity was not reduced, and in severe de- 
ficiency it was even increased. It was concluded that copper is 
essential for the formation and maintenance of cytochrome oxidase 
activity of liver and heart tissue in rats. 

In the work of Schultze copper analyses could unfortunately 
not be carried out on the tissues under investigation. She points 
out, however, that it is known from other work that copper de- 
ficiency leads to depletion of copper from the organs, particularly 
from the liver of the rat, while on the other hand feeding of copper 
can lead to accumulation of the metal in the liver. The problem 
therefore naturally presents itself whether the cytochrome oxidase 
activity of tissues is directly due to a copper compound, as was 
actually suggested by Keilin and Hartkee (1939). The experi- 
ments of Schultze might seem to support this view. However, 
she rightly points out the necessity of remembering that even 
severely anemic rats still contain measurable amounts of both cop- 
per and iron, particularly the latter. If cytochrome oxidase ac- 
tivity is due to iron catalysis one might interpret the results 
to mean that copper is necessary, by some mechanism yet un- 
known, for the formation of the catalyst (analogous to the forma- 
tion of hemoglobin). Finally one should not forget, as is also point- 
ed out by Miss Schultze, that cytochrome oxidase activity may 
well be a composite effect of more than one catalytically active 
substance. 

It may be very hard to decide these difficult questions until 
ways and means of carrying out appropriate isolation studies 
on cytochrome oxidase have been found. Pending the develop- 
ment of such methods we must look for other procedures that 
might conceivably be capable of throwing some light on the 
question. In this connexion attention may be directed to re- 
mark by Franke (1939 — 40), who has pointed out that inhibi- 
tion experiments with substances such as sodium diethyl-dithio- 
carbamate, which are capable of forming complexes with copper, 
may well give some information of interest for the elucidation of 
the role of copper in certain oxidation systems. Work of this type 
does not seem to have been recorded in the literature, at any rate 
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not as far as cytochrome oxidase activity is concerned. It is the 
purpose of the present note to report on some experiments in 
this direction. 


Experimental Part. 

Our biological material was liver tissue from rats, which had been 
kept for some time in the laboratory on a diet believed to be sufficient 
in all respects. 

In order to determine cytochrome oxidase activity by the method 
applied in the present piece of investigation, cytochrome c is required. 
A sample was prepared in the following way according to KElLiN arid 
HaetrEe (1937). A heart Was freed from fat and ligaments and cut 
very finely. The blood was pressed out as well as could be done in a 
hand press and 1,100 g of the pulp Were mixed with 1,100 ml O.isN 
trichloroacetic acid. The mixture was allowed to stand for two hours 
at room temperature under occasional stirring. The liquid was then 
pressed out and caustic soda added until the hydrogen ion concentra- 
tion Was brought to about pH 7.0. The mixture was centrifuged for 10 
minutes, and 1,250 ml of the supernatant liquid treated, with 625 g 
ammonium sulphate. By this treatment hemoglobin is removed. The 
precipitate was filtered off, and the filtrate was again treated with 
ammonium sulphate (5 g of the salt per 100 ml liquid). The mixture 
was now left overnight in the refrigerator. The next day it was filtered 
again, and while still cold treated with 1/40 of its volume of 20 per cent 
trichloroacetic acid. The pH was thereby (as measured by a glass 
electrode) brought to 3.7 5. After a while the precipitate was spun down 
in a centrifuge, a bright red deposit being obtained. It Was shaken 
with 500 ml saturated ammonium sulphate solution and centrifuged 
again. The red precipitate Was suspended in 20 ml distilled water 
and transferred to a cellophane bag, in which it Was dialyzed for two 
days at 4° C against a 1 per cent sodium chloride solution. After removal 
from the bag the suspension was shaken with 3 drops of chloroform and 
filtered. The final result was 29 ml of a clear dark red solution. It was 
analyzed for iron by a method of Lintzel (1933). According to Ejeiun, 
cytochrome c contains 0.34 per cent iron, and, accepting this figure, 
our solution was found to contain 0.15 5 g pure cytochrome. The whole 
procedure Worked smoothly. Another sample of cytochrome c was 
obtained from horse heart, which was also worked up by the method 
described above. Both samples behaved identically in the experiments 
reported below.* 

For the determination of cytochrome oxidase activity the method 
of Stotz, SidwEll and Hogness (loc. cit.) was applied.- This is a 
manometric method, and the ordinary Warburg, apparatus was used. 
The vessels contained an excess of cytochrome c (0.15 ml containing 
5.6 micrograms Fe); 0.4 ml semicarbazide hydrochloride solution 
(neutralized to pH 7.3; final concentration 0.02 M); a suitable amount 
of homogenized liver tissue (as a rule 0.26 or 0.30 ml); and M/15 phos- 
phate buffer of pH 7.2. Hydroquinone (5xl0“® M) in 0.25 ml water was 
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added from the side chamber after equilibration, in the water bath. 
The final volume was 2.8 ml after addition of the hydroquinone 
solution in the side chamber. The central chamber contained 0.2 ml 
of a 20 per cent solution of potassium hydroxide for the absorption of 
carbon dioxide. A manometer without cytochrome was used as control. 
The oxygen uptake measured in this manometer is of course the up- 
take due.to tissue respiration, autoxidation of the hydroquinone and 
oxidation of the hydroquinone by the tissue. Duplicate experiments 
were always carried out. The manometers were read at 5 minute inter- 
vals during half an hour. The tissue suspension contained an amount 
of tissue of the order of 1 g tissue per 15 to 20 ml suspension. The 
oxygen uptake then remained within limits convenient for measure- 
ment in the "Warburg apparatus. 

Our main purpose was to investigate the effect of sodium 
diethyl-dithio carbamate on cytochrome oxidase activity. This 
was done by adding varying amounts of this compound to the 
reaction mixtures and comparing the oxygen uptake to that of 
mixtures to which the substance had not been added. For reasons 
of economy of space we can quote only a few typical experiments. 

In one experiment a Warburg vessel was prepared as described 
above. Another vessel was prepared in identically the same way, 
but 0.01 mg sodium diethyl-dithio carbamate were added to- 
gether with the tissue suspension. At the end of a 30 minutes 
period the oxygen uptake in two vessels of this type was 140 and 
137 mm. Two other vessels without sodium diethyl-dithio carba- 
mate gave the following values for the oxygen uptake: 141 and 
137 mm. Kepeating the experiment with 0.04 mg of the complex 
forming compound we found the following oxygen uptakes: 139, 
141, 137 and 142 mm. With 0.08 mg sodium diethyl-dithio carb- 
amate we found: 138, 139, 137 and 142 mm. 

From the estimates of the copper content of liver (and other 
organs) given in the literature it can be seen that the complex 
forming substance was added in quantities of at least the same 
order of magnitude as those in which copper is present. 

The experiments above were repeated with several other rat 
liver homogenates, with substantially the same results. It was 
concluded that if sodium diethyl-dithio carbamate has any effect 
at all, it must certainly be very small and below the limit of error 
in our experiments. 

We also carried out complete determinations of cytochrome 
oxidase activity in our rat liver suspensions, but the results ob- 
tained are of no immediate interest for the problem in hand, and 
the numerical details are therefore omitted. 



EFFECT OP COPPER ON CYTOCHROME OXIDASE. 339 

It is cleat ttat the xesults leported above tend to support the 
conclusion that the presence of copper is not essential for the 
action of cytochrome oxidase. Hence they contradict to a certain 
degree the suggestion of Keilin and Habtree referred to above. 
According to our experiments an interpretation of the work of 
Elvehjem and his associates, and of Schultze, may more likely 
he found along other lines, for instance those indicated in the 
introduction. 

The writer is glad to express his best thanks to Professor. E. 
Egb for generous hospitality and support. 

Summary. 

It is found that the copper complex forming compound sodium 
diethyl-dithio carbamate has no, or only " an extremely small 
effect on cytochrome oxidase activity. The interpretation of this 
result and its bearing on previous work are briefly discussed. 


References. 

Cohen, E. and C. A. ElvEhjem, J. Biol. Chem. IQSf. 107. 97. 
Elvehjem, C. A. and A. R. Kemmerbr, ibid. 1931. 93. 189. 

Keilin, D. and E. F. Habtree, Proc. Roy. Soc. London 1937. B 122. 
298. 

— and —, ibid. 1939. B 127. 109. 

Lintzel, W., Z. ges. exp. Med. 1933. 80. 269. 

Schultze, M. 0., J. Biol. Chem. 1939. 129. 729. 

Stotz, E., a. E. SidwEll and T. R. Hogness, ibid. 1938. i2i. 733. 


23 ^12161. Acta pliys. Scandimv. Vol. Vf. 



From the Biochemical Institute of the University, Copenhagen. 


On the Methylation of Ethanol Amine, Dimethyl 
Ethanol Amine, Guanidine Acetic Acid 
and Homocysteine. 

By 

GUNNAR STEENSHOLT. 

Received 3 September 1947. 


The problem of the biosynthesis of choline and creatine has in 
recent years attracted the attention of a considerable number of 
biochemists, and a rather extensive literature has grown up sub- 
sequent upon the pioneer work of du Vigneaud and his associates. 
The present writer also made some contributions to these studies; 
in particular he occupied himself with the in vitro synthesis of 
choline from ethanol amine, and creatine from guanidine acetic 
acid, with methionine as a methyl donator in a suspension of tissue 
pulp (Steensholt, 1945, 1946). In this work the increase in the 
amount of choline and creatine in the reaction mixtures was 
determined and used as a measure of the rate of reaction of the 
methylation process. However, in the case of choline, this method 
suffers from the defect that ethanol amine interferes to some 
extent with the determination of choline. For dimethyl ethanol 
amine this interference effect is even more pronounced, as could 
be expected on account of the similarities of the molecular struc- 
tures. Moreover, the action of the enzyme choline oxidase in many 
cases tends to decrease the amount of choline synthesised during 
the experiment. It appears desirable, therefore, to corroborate the 
findings described in the earlier notes, by applying methods 
in which the difficulties just mentioned are, as far as possible, 
surmounted or evaded. An obvious possibility is to attempt to 
determine the decrease in the amount of methionine in the reaction 



METUYLATIOU OF ETHAKOL AMINE A. 0. 


341 


mixtures during the experiment. It is the purpose of the present 
note to report on some results in this direction. 

The same method will also be applied to the methylation of 
guanidine acetic acid to creatine, and to a verification of some 
previous results on the methylating properties of etiolated wheat 
germs. 

When methionine acts as methyl donator it is demethylated to 
homocysteine. There is an experimental basis (feeding experi- 
ments on rats) for the assumption that the reverse reaction, i. e. 
methylation of homocysteine to methionine, also takes place in 
the animal organism. It would therefore seem to be of some in- 
terest to study this reaction by in vitro experiments, and some' 
results pertaining to this problem will also be reported in the 
present paper. 


Experimental Resnlts and their Discussion. 

Biological material. In the experiments on mammalian tissue rat liver 
was used throughout. As usual, the animals, which had been kept on a 
diet believed to be sufficient in all respects, were killed by decapitation, 
and the liver removed immediately afterwards. The organ was then 
placed on a watch glass and finely divided by means of a pair of bent 
scissors. In this state the tissue could be conveniently handled and 
weighed. 

In the course of the present work on methylation processes, it was, as 
already mentioned, considered of some interest to reexamine our previ- 
ous work on methylation processes in etiolated wheat germs. The wheat 
used was as before of three different kinds: 

1) Jubilee wheat; 

2) Svalov Skandia wheat; 

3) Record wheat. 

The etiolation was carried out in the ordinary way by placing the 
germs on wet filter paper in the dark. After 6 to 7 days the etiolated 
germs were cut into small pieces and carefully ground in a mortar. The 
resulting mass was used in the subsequent experiments. 

Substrates and reagents. The ethanol amine was synthesised by the 
method of Knorr (1897). This procedure consists in blowing a stream 
of ethylene oxide through a concentrated aqueous ammonia solution 
and subsequently fractionating the reaction mixture. Dimethyl ethanol 
amine was obtained by essentially the same method with ammonia 
replaced by dimethyl amine. Both procedures were found to go smoothly 
and to yield products believed to be of a high degree of purity. Com- 
mercial samples of both compounds Were also available. They were 
carefully purified by repeated distillations, and were found to behave 
m exactly the same way as those synthesised by the present writer. 
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Guanidine acetic acid was synthesised by the method of Nencki 
and SifiBERT (1878). The methionine was a Hoffmann-la Roche product, 
and the homocysteine was obtained from Professor du Vigneaud, of 
Cornell University Medical School, to whom the writer is greatly’ in- 
debted for his generosity. 

For deprotein ation a solution of trichloroacetic acid was used. In 
several cases parallel experiments with a 10 and a 20 per cent solution 
were carried out with identical results in all cases. 

Determination of methionine. For this purpose we have applied the 
colorimetric method developed by McCarthy and Suelivan (1941). 
This method was ordinarily applied in the following form; 5 ml of the 
solution to be analysed were introduced into an ordinary test tube, 
and 1 ml of a 14.3 n sodium hydroxide solution was added, followed 
•by 1 ml of a 1 per cent aqueous solution of glycine, and 0.6 ml of a 10 
per cent aqueous solution of sodium nitroprusside, with good mixing 
after each addition. The tube was then placed in a water bath at a tem- 
perature of 35— 40° C. for 10 minutes. It was then cooled in ice water 
for 2 minutes, and 5 ml of a mixture of 9 volumes of concentrated 
hydrochloric acid and 1 volume of 85 per cent phosphoric acid were 
added, with thorough shaking and mixing during the addition. Shaking 
was continued for 1 minute after the addition of the acid was com- 
pleted, and the tube was then cooled in water at room temperature for 
10 minutes. Finally the colorimetric determinations were carried out in 
a Pulfrich photometer in the ordinary way, using a blank obtained by 
treating 5 ml of water in the way just described. 

All our experiments were carried out using Mcllvaine’s phosphate- 
citrate buffer. 

A typical experiment with ethanol amine as methyl acceptor 
was carried out as follows. Two flasks, A and B, were prepared 
with the following reaction mixtures. Flask A contained: 

0.3 g rat liver pulp 

0.05 ml ethanol amine 

56 mg methionine 

3 ml McIlvaine^s phosphate-citrate buffer (pH 7.2). 

Flask B contained: 

0.3 g rat liver pulp 

56 mg methionine 

3 ml McIlvaine^s phosphate citrate buffer (pH 7.2). 

The contents were carefully mixed, and both flasks were then 
incubated at 37° C in a water bath for 10 hours. 2 ml of a 10 per 
cent trichloroacetic acid, solution were then added, and after 
stirring the mixture was left standing for 10 minutes. The pre- 
cipitate was removed by centrifugation, and 2 ml of the clear 
supernatant liquid' were diluted with 20 ml of water. Of this mix- 
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ture 5 ml were removed for determination of methionine according 
to the method of jVIcCARTHy and Sullivan, The result was a 15.5 
per cent decrease in the content of methionine in flask A compared 
to flask B. 

The above example was chosen at random from the laboratory 
journal. The experiment was varied by using different relative 
amounts of methionine and ethanol amine, and by varying the 
time of incubation from 5 hours up to 16 hours. The results were 
qualitatively the same in all cases. As an illustration of this we 
shall quote only one further experiment, in which flask A contained 

0.3 g rat liver pulp 

0.05 ml ethanol amine 

70 mg methionine 

4 ml McUvaine’s buffer (pH 7,3). 

The content of flask B was exactly the same except that ethanol 
amine was omitted. The flasks were incubated at 37° C for 5 hours, 
and their contents worked up as described above. In this case we 
found a 10.2 per cent decrease in the amount of methionine in 
flask A compared to that in flask B. 

Similar results were obtained when the ethanol amine was re- 
placed by dimethyl ethanol amine. We shall quote only one ex- 
periment, since it is sufficiently typical for this part of our work. 

The six flasks A, B, C, D, E, E contained 0.3 g rat liver pulp 
and 4 ml Mcllvaine's phosphate-citrate buffer (pH 7.4). In addi- 
tion flasks A, B and C contained 0.05 ml dimethyl ethanol amine. 
Flasks A and D contained 25 mg, B and E 60 mg and flasks C 
and F 76 mg methionine. All six flasks were incubated for 12 hours 
at 37° C, and after removal from the water bath their contents 
were worked up and analyzed as described above. On comparing 
the content of methionine in A and D, B and E, and C and F, 
we found reductions amounting to 19 per cent, 9 per cent, and 9.5 
per cent respectively. 

By carrying out similar experiments at different hydrogen ion 
concentrations, we found, both for ethanol amine and dimethyl 
ethanol amine, a pH optimum slightly above the neutral point. 
This agrees with results previously reported for ethanol amine 
(Steensholt loc. cit.). 

The writer was unable to get any reliable information about the 
relative velocities of methylation of ethanol amine and dimethyl 
ethanol amine. However, it must be borne in mind that the process 
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of methylating ethanol amine to choline probably proceeds step- 
wise, and the disentanglement of the intermediary reactions is 
therefore a problem the solution of which requires more accurate 
methods than those available at present. Por the time being the 
question of the details in the reaction kinetics must be left aside, 
pending the development of refined analytical methods and 
perhaps also the purification of the enzymes that catalyze the 
processes in question. 

The experiments on etiolated wheat germs were carried out as 
previously described (Steensholt, loc. cit.), except that the 
reaction mixtures were analyzed for methionine by the method of 
McCarthy and Sullivan. No trace of a methylation process could 
be detected, and, in corroboration of previous results we may 
therefore conclude that etiolated wheat germs do not contain 
enzyme systems capable of catalyzing the methylation of ethanol 
amine or dimethyl ethanol amine to choline. Our previous work 
was carried out only with ethanol amine. 

We shall finally mention that in separate experiments we in- 
vestigated the effect of the presence of ethanol amine and dimethyl 
ethanol amine on the determination of methionine by the method 
of McCarthy and Sullivan. With the relative concentrations 
employed in our work the effect was found to be inappreciable. 
We found that the presence of the compounds in question tends 
to increase slightly the amount of methionine found by the colori- 
metric method, which is an additional argument in favour of the 
soundness of the conclusions drawn from our experiments. 

The same method was then applied to an investigation of the 
methylation of glycocyamine to creatine. In a typical experiment 
flask A contained: 

0.3 g rat liver pulp 

8 mg glycocyamine 

60 mg methionine 

4 ml Mcllvaine’s phosphate-citrate buffer (pH 7.4). 

The content of flask B was exactly the same, except that it 
contained no glycocyamine. The flasks were incubated for 8 hours, 
and the reaction mixtures were afterwards worked up as described 
above. Analysis by the method of McCarthy and Sullivan 
showed a 10.9 per cent decrease in the amount of methionine in 
flask A compared to flask B. 

As regards the effect of the presence of glycocyamine on the 
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determination of methionine by our colorimetric method, we found, 
for the relative concentrations employed in our experiments, results 
quite similar to those just described for ethanol amine and dimethyl 
ethanol amine. 

In further experiments we determined the pH optimum for the 
methylation process in question. In agreement with previous work 
(loc. cit.) the optimum was found to lie slightly above the neu- 
trality point. 

In studjdng the methylation of glycocyamine to creatine a 
rather obvious possibility is to follow the reaction by measure- 
ments of the content of glycocyamine in the reaction mixtures 
during the experiment. On the basis of work by several previous 
authors Dubnoff and Borsook (1941) developed a micromethod 
for the determination of glycocyamine in biological mixtures. 
This procedure is based on a judicious application of the Saka- 
GUCHi reaction. The writer made several attempts to apply this 
method to the present problem. However, the method was found 
to give erratic and often completely erroneous results, "and the 
work therefore had to be discontinued. The cause of the trouble 
was considered to be the available types of permutite which were 
found to be unsuitable for the purpose in hand. It was later found 
that other workers have reported similar findings. In future appli- 
cations of the method of Dubnoff and Borsook some such modi- 
fication of the procedure as the one developed by Sims (1944) will 
probably have to be applied. This could not be done here since the 
adsorbent described by Stms was unavailable. 

A further point maybe briefly mentioned at this place. Albanese, 
Frankston and Irby have recently developed a method of esti- 
mating methionine in protein hydrolysates and urine (Albanese 
c. 8., 1944). This procedure depends on an oxidation of methionine 
with a mixture of perchloric acid and hydrogen peroxide. The 
present writer has applied the method to the problems discussed 
in this paper and obtained results in qualitative and rough quan- 
titative agreement with those found by the method of McCarthy 
and Sullivan. However, the method of Albanese, Frankston 
and Irby was, at any rate in its application to our problems, 
found to require extreme care in its execution in order to yield 
fairly reproducible results. The present writer is therefore not 
inclined to put too much confidence in the quantitative results 
obtained by this procedure. The numerical details are therefore 
omitted. 
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Finally, as was already mentioned by way of introduction, we 
have made an attempt to investigate by in vitro studies the 
methylation of homocysteine to methionine. Choline and methio- 
nine were used as methyl donators, and the experiments were 
carried out as previously described. It will suffice to report the 
details of only one typical experiment, in which flask A contained 

0.3 g rat liver pulp 

25 mg homocysteine 

37 mg choline 

4 ml Mcllvaine^s buffer (pH 7.2). 

The content in flask B was exactly the same except that choline 
was omitted. The flasks were incubated for 5 hours, and the mix- 
tures then worked up and analyzed as above. No trace of a for- 
mation of methionine could be detected. When in this experiment 
choline was replaced by 40 nig betaine the same result was ob- 
tained. Experiments were also carried out with the double and 
fourfold amount of methyl donator, and at pH 5, 6 and 8, and 
finally the series of experiments was worked through with 50 mg 
homocysteine instead of 25 mg as in the example just quoted. 
A formation of methionine could not be found in any of the cases. 

By measuring, in the above experiments, the increase in choline 
and creatine simultaneously with the decrease in methionine in 
our reaction mixtures, it might seem possible to demonstrate 
quantitatively the relationships governing the transfer of methyl 
groups from donator to acceptor. Several attempts were made 
along this line, but sufficiently precise data could not be obtained, 
and the numerical details will therefore not be further discussed 
in this paper. It seems likely that further progress along this line 
must await the purification of the enzyme systems which catalyze 
the reactions in question. Rat liver pulp is a much too crude 
mixture to avoid all the side reactions that tend to complicate 
the situation. 

The author is glad to express his best thanks to Professor E. 
Ege for generous hospitality and support. 


Summary. 


By means of the colorimetric method of McOaethy and Sulli- 
van for the determination of methionine in biological mixtures, 
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an investigation is made of the methylation of ethanol amine, 
dimeth)’-! ethanol amine, glycocyamine and homocysteine. The 
results extend and corroborate those of previous investigations. 
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The authors carried out perfusion experiments on the isolated 
rabbit’s heart, and found in the first instance that neither guanid- 
ine acetic acid nor glycollic acid alone "would increase the total 
creatinine on being added to the perfusate in a concentration 
of 7 to 11 rag/100 ml. When both substances were added to the 
perfusate they found an increase in the total creatinine, and this 
increase was found to be due to an increase in the creatinine con- 
tent of the heart plus perfusate. They further found that there is 
no significant disappearance of guanidine acetic acid from the 
perfusion system when it alone is present in the perfusate. In 
the presence of glycollic acid, however, an amount of guanidine 
acetic acid disappears which is approximately equivalent to the 
amount of creatine appearing. On the basis of these experiments, 
the details of which cannot be further discussed here, Davenpobt, 
Fischer and Wilhelmi therefore concluded that guanidine acetic 
acid is converted quantitatively into creatine in the perfused 
heart in the presence of glycollic acid, and hence that glycollic 
acid acts as a methylating agent for guanidine acetic acid ac- 
cording to the above scheme. 

IVe may finally mention that in order to account for the oc- 
currence of guanidine acetic acid Davenport, Fischer and 
Wilhelmi proposed the following chain of reactions; 


NH, 

I 

Arginine NH = C • NH • CH, • CH, • CH- • CHNHj • COOH 

1+0 


NH, 

1 

NH = C-NH'CH,-CH*'CI+-CO*COOH 

1+0 

NH- 


NH = C • NH • CHa • CH* • CH* • COOH + CO, 

1+30 

NH, 


NH = C'NH'CH,-COOH. 
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Glycollic acid was supposed to be derived from glycine in the 
following way: 

CHOTa • COOH — > CHO • COOH — ^ CH^OH • COOH. 

Though the ideas and results outlined above are mentioned 
by several writers on the subject, any more extensive attempt 
at a thorough verification by in vitro experiments on tissue 
slices or tissue extracts does not seem to have been undertaken 
so far. In a paper by Bobsook and Dubnobf (1940) it is mentioned 
that they have incubated rat liver with guanidine acetic and 
glycollic acid without finding any increase in the amount of 
creatine in the reaction mixture. Apart from this, verifications 
of the work of Davenpobt, Fischer and Wilhelmi, though 
obviously needed, do not seem to exist anywhere in the literature. 
In connection with some work of a related nature on biological 
methylation processes (Steensholt (1945)) the present writer 
therefore thought it worth while to try to reinvestigate, by in 
vitro experiments, the problem of the action of glycollic acid 
as a methylating agent. The present note is a report on the results 
obtained. 


Experimentnl Part. 

Biological material. In all cases the biological material, whether 
liver, kidney, heart or muscle tissue, was removed from the freshly 
killed animal immediately after death, either in the laboratory or in 
the slaughter house. It was cut in pieces, placed on a watch glass an 
carefully minced by means of a pair of bent scissors. In this state it 
could be conveniently weighed and handled. 

Substrates. The guanidine acetic acid was synthesised by the method 
of Nencki and Siebert (1878). The glycollic acid was either a commer- 
cial preparation of the sodium salt, or two samples synthesised by the 
present writer by the procedures developed by Fittig and Thomson 
(1880) and by HolzEb (1883). The samples thus obtained were used 
simultaneously in all the experiments described below, and were 
foimd to behave in identically the same way in all cases. 

Methods of analysis. The reaction mixtures were analysed for total 
creatinine by the Folin method, which is based on the picric acid 
reaction of Jaffe. -We have applied the method in a form very similar 
to that developed by Lies and Zachebl (1934). The details of the 
procedure will be evident from the description of a typical experiment 
given below. 

In order to check the results thus obtained analyses were also always 
carried out by the method of Benedict — Behre — Langley — Evans 
— Lehnabtz (1936, 1941), in whichr 3,5-dinitro-benzoic acid is used as 
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a, colorimetric reagent for creatinine. This method is believed to be of 
fairly high specificity, and was therefore regarded as a valuable check 
on the results obtained by the usual Foun method. The present writer 
has previously had occasion to apply the dinitro-benzoate method in 
a study of the methylation of guanidine acetic acid to creatine with 
methionine as a methyl donator (Steexsholt lOfO). 

The first experiments were carried out on rat tissue, and we shall 
quote the folloAnng one as the prototype of the whole series. 

Muscle tissue was removed from the hind legs of a decapitated 
animal and prepared as described above. In two glass vessels 
of suitable size were placed 
0.3 g muscle tissue 
4 ml phosphate buffer (pH 7,0) 

8 mg guanidine acetic acid 
50 mg sodium glycollate. 

Two other vessels contained the same amounts of tissue, buffer 
solution and guanidine acetic acid. iUl four reaction vessels were 
incubated for 18 hours at 38° C. After this period 4 ml of 20 % 
trichloroacetic acid w'ere added to each vessel for deproteination, 
and the precipitate removed by centrifugation. 2 ml of the dc- 
protcinated reaction mixture were pipetted into a 10 ml measuring 
flask. 1 ml n-hydrochloric acid was added and the mixture auto- 
claved for 20 minutes at 130° C. After cooling 0,4 ml of 10 % 
NaOH and 4 ml saturated picric acid were added, and the mixture 
left standing for 10 minutes. Water was then added up to the 
mark, and the flasks were ready for the colorimetric measurement. 

The above method is essentially that of Lieb and Zacherl 
already referred to. It was found that glycollic acid does not 
interfere with the creatine determinations by this procedure. 

When compared colorimetrically no differences •whatever could 
be observed between the four reaction mixtures. The mixtures 
with glycollic acid jiroved, on coloricmetric examination to be 
exactly identical to those without the acid. 

The experimental conditions were then varied in several ways. 
We used 4, 12 and 16 mg guanidine acetic acid instead of the 
8 mg in the experiment just reported, and- each test was carried 
through with incubation periods of 6, 12 and 18 hours. Bach of 
these experiments was again varied by using respectively 25, 50 
and 100 mg of glycollic acid. In all cases the results "were invariably 
the same; when compared colorimetrically no differences could 
be found between the four reaction mixtures. Finally all these 
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experiments were repeated with Mcllvaine’s phosphatecitrate 
buffer replacing the ordinary phosphate buffer, and each experi- 
ment was carried out at pH 6.6 and pH 8. The results remained 
qualitatively unchanged; no trace of a creatine synthesis could 
be found. 

Each of the experiments just described was checked by a dupli- 
cate experiment in which the determination of creatine was carried 

out according to the method developed by Benedict — Behbe 

Langley— Evans— Lehnartz already referred to. This was 
done in the following way. Four reaction mixtures were prepared 
and treated as above. At the end of the incubation period 4 ml 
20 % trichloroacetic acid were added together with 1 ml 10 % 
hydrochloric acid. The mixture was centrifuged after 1 hour, 
and 5 ml of the supernatant liquid were autoclaved at 130° C 
for 30 minutes. After autoclaving the liquid was allowed to cool 
down to room temperature. Some methyl red indicator was 
added and the mixture was neutralised with 2.5 nNaOH. Water 
was added to make the total volume 11 ml. Now were added: 10 
ml of a 6 % aqueous solution of the sodium salt of 3,5-dinitro 
benzoic acid, 10 ml of a 20 % aqueous solution of sodium acetate 
and finally 1 ml of a 2.5 n aqueous solution of sodium hydroxide. 
After shaking the flasks were left standing for 5 minutes. The 
contents were then quantitatively transferred to 50 ml flasks, 
which were subsequently filled up to the mark ivith water. 

In separate experiments it was found that glycollic acid does 
not interfere with the determination of creatine by this method, 
at any rate not in the concentrations used in the present piece 
of work. 

On subjecting the four reaction mixtures to colorimetric exam- 
ination by the method just described, no differences whatever 
could be found between those with and those without glycollic 
acid. 

All these experiments were carried out systematically with 
liver, kidney and heart muscle tissue from rats. There was never 
any increase in creatine content in the mixtures containing 
glycollic acid compared to those without the acid. The same 
program of work was then extended to other animals, and, all 
in all, muscle, liver, heart muscle and kidney tissue from rat, 
rabbit, cow, horse and pig have been examined. The results were 
in all cases the same as those (quoted above for rat liver. 

The discrepancy between our results and those of Davenport, 
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Fischer and Wilhelmi is obvious. The reason for this is, how- 
ever, not easy to see. It shoiild be remembered that for rat liver 
tissue our results agree Avith those of Borsook and Dubnoff 
(1940). As regards our methods of analysis, their reliability appears 
to be well established, and they have previously been success- 
fully applied to problems of biological methylation. To the present 
•writer’s mind, therefore, it appears probable, on the evidence 
given above, that glycollic acid plays only a minor role, if any 
at all, in the methylation process in question. 

We may further mention that in -view of what ha,s been said 
in the introduction it is of particular interest to investigate the 
effect of substances like glycine on incubation with glycocyamine 
and tissue suspensions. All in all, the above experiments on 
muscle, liver, heart muscle and kidney tissue from rat, rabbit, 
cow, horse and pig were repeated •vnth the followng substances 
replacing glycollic acid; glycine, serine, choline, betaine, ethanol 
amine, dimethyl ethanol amine, acetyl choline. The results were 
invariably the same; in no case could any formation of creatine 
be detected. For rat liver these results again agree with those of 
Borsook and Dubnoff (loc. cit.). 

It is interesting to note that Bach (1939) on incubating a sus- 
pension of chapped rat heart tissue with glycine and glycocyamine 
observed a small increase in the content of creatine in his reaction 
mixtures. He states, however, that the effect is too small to justify 
any definite conclusions. It is further of great interest to note 
that Ratner, Nocito and Green (1944) have recently discovered 
an enzyme in the liver, capable of catalyzing the oxidation of 
glycine to glyoxylic acid and ammonia. In -view of the results 
presented in the present note it may be somewhat difficult to tell 
what bearing, if any, this discovery may have on the problem of 
biological methylation. 

It has been shown above, probably in a fairly con-vincing man- 
ner, that a considerable discrepancy exists between the perfusion 
experiments apd the later in vitro investigations. Hence it will 
presumably be agreed that it is not unimportant to attempt to 
clear up the reasons for this divergence by repeating and checking, 
if possible, the perfusion experiments, and some work along this 
line has been carried out by the present writer. Though our material 
is admittedly not so extensive as that of Davenport, Fischer 
and WiLHELMi (loc. cit.), it may nevertheless be of interest to give 
a brief report on the results obtained. 



354 


GUNNAR STBENSHOLT, 


The perfusion experiments were carried out on the excised hearts 
of adult rabbits of body weight above 2 kg. The technique of heart 
perfusions experiments has been described a very great number 
of times both in periodicals and in text books, and any further 
description of technical details is therefore omitted here. The heart 
was perfused through the aorta in the familiar way, the perfusion 
liquid being ordinary, well oxygenated Einger-Locke solution. 
Before the main experiment the perfusion fluid was allowed to 
pass through freely for some minutes to ensure removal of the 
blood. The perfusion experiment itself lasted from 75 to 100 min- 
utes. After the experiment the heart and the perfusion fluid were 
removed from the apparatus. The heart was carefully minced, 
and extracted vdth trichloroacetic acid. An aliquot part of the 
filtered extract and the perfusate was anab’^zed for creatine by 
the method of Benedict — ^Behre — ^Langley — ^Evans — ^Lehn- 
ARTZ. This method was chosen on account of its fairly high speci- 
ficity. Glycocyamine and glycollic acid were added to the per- 
fusate in quantities of 10 mg per 100 ml liquid (in agreement with 
Davenport, Fischer and Wilhelmi (loc. cit.). 

A diffuculty with this method is that the perfused heart cannot 
be used again for control experiments. Controls can, however, 
be obtained by determining the amount of creatine in the hearts 
of other animals. The evidence obtained is therefore of a statistical 
nature, but this difficulty seems to be inherent in the nature of 
the problem, at least with the analytical methods at present at 
our disposal. 

All in all 12 perfusion experiments were carried out, and 12 
hearts were analyzed in order to serve as controls. The results 
are summarized in Table 1, which gives the weight of the hearts 
and the contents of creatine in the hearts, or in the hearts plus 
perfusate. 

Table 1. 

Controls Perfused hearts 


Weight (in g) 

6.0 . . . 

Creatine (in mg) 
lO.S 

Weight (in g) 

6.2 

Creatine (in mg) 
10.5 


12.0 

6.8 

II.O 

7.1 

12 n 

6.9 

12.0 

6.1 

11 2 

7.1 

10.0 

fi.fi 

11 a 

7.2 

12.G 


11 a 

6.0 

11.1 

fi 0 

11 0 

6.2 

11.0 

fi 1 

10..5 

7.0 

12.2 

fi fi 

12.0 

6.3 

11.5 

7 n 

12 R 

7.0 

....... 12.G 


12 0 

6.1 

10.5 

6.8 

11.8 

7.0 

12.0 
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An inspection of the table shows that there is no significant 
difference between the two groups. In both sets of measurements 
there is an average content of creatine of about 1.8 mg per gram 
of tissue, and the difference between the groups is too small to 
have any importance. Although such a close agreement may be in 
part fortuitous, it will probably be agreed that we are justified in 
considering the results of the perfusion experiments to be in good 
accord with those of the in vitro investigations reported above. 
There is no sign of any formation of creatine by either procedure. 

The writer is glad to express his best thanks to Professor R. 
Ege for generous hospitality and support. 

Summary. 

A brief review is given of certain current ideas on the role of 
glycollic acid as a methylating agent. Next the results are reported 
of some in vitro experiments in which guanidine acetic acid and 
glycollic acid or glycine, and some other substances as well, were 
incubated "with suspensions of various animal tissues. The de- 
terminations of creatine in the reaction mixtures were carried out 
both b)'' the picric acid and by the dinitro-benzoate methods. 
The results were negative; in no case could any trace of a creatine 
synthesis be demonstrated. Finally some perfusion experiments 
on the excised rabbit's heart were carried out. The results were 
in substantial agreement with the in vitro experiments. We may 
therefore be justified in concluding that glycollic acid is incapable 
of methylating guanidine acetic acid to creatine. The relation of 
these results to some previous investigations by other workers 
is discussed. 
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The oxidation of amines in the animal organism is a process 
of great biological importance, and by the efforts of several workers 
a great amount of experimental material, bearing on the problem 
of enzymatic oxidation of amines, has been brought together. 
A satisfactory interpretation of a large part of the experimental 
findings has been achieved by assuming the presence in the animal 
body of two main amine oxidizing enzymes, the mono amine oxidase 
and the diamine oxidase. The first of these attacks substrates 
with one amino group, like butyl amine, amyl amine and iso-amyl 
amine, and also amines containing aromatic rings, like tyramine, 
adrenaline, tryptamine and /S-phenyl ethyl amine. The diamine 
oxidase catalyzes the oxidation of amines with two amino groups, 
like histamine, cadaverine and putrescine. By inhibition experi- 
ments these two enzymes have been proved to be chemically 
different. 

It seems, however, that other enzymes capable of oxidizing 
various amines occur in Nature. We exclude from consideration 
such enzymes as the amino acid oxidases, and direct attention 
to the following observations. It was shown by Blaschko, Richter 
and Schlossmann (1937) that mescaline is only very slowly oxi- 
dized by rat liver. Bernheim and Bernheim (1938), however, 
found that rabbits’ liver is capable of rapidly oxidizing this sub- 
strate. Mono amine oxidase preparations from rabbit’s liver were 
found to exhibit the following properties: Mescaline is oxidized 
to the corresponding acid, which has been isolated (see also 
Slotta and Muller (1936)). The theoretical amount of am- 
monia is recovered. Unlike the oxidation of tyramin, the oxida- 
tion of mescaline is inhibited by pyrophosphate, borate and 
relatively high concentrations of cyanide. As is the case with 
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tjnramine the rate of oxidation of mescaline is inereased by in- 
creasing the oxygen tension. 

From their experiments the Berniieims conclude that some 
other factor than the mono amine oxidase itself is necessary for 
the oxidation of mescaline. Since pyrophosphate, borate and 
cyanide are ■well known to form complexes with heavy metals, 
they suggest that some hea\’y metal may be necessary together 
vdth the mono amine oxidase, to effect the oxidation of mescaline, 
the metal thereby acting as a kind of coenzyme. The possibility 
that an entirely new enzyme may be at work docs not seem to 
have been adequately discussed by the aforementioned authors, 
and the problem docs not seem to liavc been treated elsewhere 
in the literature except for a very brief mention by Elliott 
(19'iO). It is the purpose of the present note to report on some 
experiments which seem to have a bearing on the nature of the 
enzyme catalyzing the oxidation of mescaline and similar sub- 
stances. 


Experimental Results and their Discussion. 

Materials ami methods. The following substrates were .used: 

CH3O — <^ CIROCH,) -- CH, — NHj — HCI 

/7-(-l-ractho.xy-phcnyl)-/?-methoxy-ethyl amine Itydrochloride, for 
convenience referred to simply as substance A. 

CH3O . 

\ 

Cn 30 --<^ CH,— CIL — J^IL — HCl 

^-(-3,4-dimethoxy-phcnyl)-ethyl amine hydrochloride, referred to as 
substance B. 


CH3O ^ 



/■ 

CHsO" 


/9-(-3,4,5-trimethoxj’--phenyl)-ethyl amine, or mescaline. It was 
used either as the hydrochloride or the hydrosulphate. 

These substances were obtained from F. Iloffmann-la Roche & Co. 
to whom my best thanks are due for their irenernsitv. 
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A sample of substance B "Was also synthesized by the Writer. This was 
carried out in the following steps. Firstly, 3,4-dimethoxybenzaldehyde 
(veratrum aldehyde) was obtained from vanilline and dimethyl sulphate 
either in the presence of potassium hydroxide or in the presence of sodium 
hydroxide in methyl alcolholic solution. By heating with anhydrous 
sodium acetate and acetic anhydride the veratrum aldehyde Was con- 
verted into 3,4-dimethoxy cinnamic acid. By treating this acid with 
sodium amalgam in alcoholic solution 3,4-dimethoxy-hydro-cinnamic 
acid' was obtained. The amide of this acid was then obtained via the 
acid chloride, which in its turn Was obtained in the well known way 
by treating the acid with phosphorus pentachloride. As the final step 
the acid amide was treated with aqueous hypobromite, and substance B 
was subsequently isolated from the reaction mixture. The technical 
details of all these procedures cannot be given here (see von Kosta- 
nEcki and Tambor (1906, Perkins and Sghiess (1904), Perkins and 
Robinson (1907), Pictet and Finkelstein (1909)). 

All measurements of oxygen uptake were carried out in the War- 
burg apparatus in the usual manner; sufficient details will be given 
below. Duplicate experiments were of course always carried out. The 
temperature in the water bath was 37° C. 

The source of the enzyme preparations used in this work was the 
livers of rabbits and rats. The organs were removed from the animals 
immediately after death. Active enzyme preparations were obtained 
in the following manner. The livers were placed on a watch glass and 
finely divided with a pair of bent scissors. The homogeneous mass 
thus obtained was thoroughly ground with sand in a mortar and then 
extracted with O.os M phosphate buffer at pH 7.5 to 7.8 (about 1 ml 
of buffer solution per gram of tissue), and finally pressed through 
msulin. The enzyme solution thus obtained was used in many experi- 
ments. A further preparation was made by dialyzing the extract just 
described against distilled water imt’l the solution showed no or only 
a very small oxygen uptake in the Warburg apparatus. Many expe- 
riments Were also carried out directly with the liver pulp itself. This is 
of course the crudest possible enzyme preparation, but it is nevertheless 
useful and convenient for many purposes. 

It was first of all verified that mescaline is only very slowly 
oxidized by the enzyme solutions obtained from rat liver, or by 
rat liver pulp, while the corresponding preparations from rabbit’s 
liver had a strongly oxidizing effect. We further verified that 
cyanide, borate and pyrophosphate inhibited the oxidation of 
mescaline in concentrations at which the oxidation of tyramme 
and iso-amyl amine was not affected at all. It was also confirmed 
that cyanide does not inhibit the action of mono amine oxidase. 

We next investigated whether substrates A and B could be 
oxidized by our liver preparations.. It was found that substrate 
A gave rise to no oxygen uptake at all when working with either 
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rat liver or rabbit’s liver. Hence this compound is not attacked 
by the enzymes in question. 

To substantiate this remark we shall quote as an example the follow- 
ing experiment, chosen at random from our laboratory notes. It was 
carried out liver pulp as enzyme preparation. The main chamber of a 
Warburg vessel contained 2 ml phosphate buffer solution (pH 7.i). 
The central chamber contained O .2 ml 5 per cent potassium hydroxide 
solution for the absorption of carbon dioxide. The side chamber con- 
tained 0 . 2 ml of a solution, perpared by dissolving 5 mg of substance A 
in ] ml water. A suitable amount of liver pulp was placed in the main 
chamber. A thermobarometer was, as in all our experiments, arranged 
in the familiar way. After equilibration in the water bath for 15 minutes 
the stopcocks were closed, and the oxygen uptake followed for a period 
of 30 minutes. The amine solution in the side chamber was then tipped 
into the main chamber, and the measurements cortinued for another 
30 minutes period. No difference in the oxygen uptake during two 
periods of observation could be found . 

Work with liver pulp from the rabbit gave similar results, as 
did also work with the enzyme solutions described above, both 
the undialyzed and the dialyzed one. 

Our experiments with substance B, ho\vevcr, gave a different 
result. With rat liver preparations, whether enzyme solutions 
or liver pulp, there was practically no extra oxygen uptake to be 
observed, which could be ascribed to an oxidation of the sub- 
strate. With preparations from rabbit’s liver, however, a con- 
siderable oxidation was found to take place. Thus, when liver 
pulp was used and the Warburg vessels were prepared as just 
described, we found in the second half hour period an increase 
in oxygen uptake of 30, 71, 50 and 52 per cent in four successive 
experiments. Confirmatory evidence was of course obtained with, 
the enzyme solutions, both the undialyzed and the dialyzed ones. 
The effect is therefore beyond question. The relative rates of 
oxidation of mescaline and of substance B were determined by 
comparing the oxygen uptakes when equal quantities of the 
substrates were oxidized by equal amounts of the two enzyme 
solutions. Thus, with four different undialyzed solutions we found 
for the ratio 

rate of oxidation of mescaline 
rate of oxidation of substance B 

the numerical values 1.7, 1.6, 2.1 and 2.2, With two different 
dialyzed solutions we found the values 1.8 and 2.2. 
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Some inhibition experiments witli substance B were then 
carried out. By the Warburg method we investigated the effect 
of cyanide, borate and pyrophosphate on the oxidation of the 
compound, and found results in substantial agreement with those 
obtained for mescaline by the Bernheims and later by ourselves. 
Thus, 0.0001 M potassium cyanide was found to have no per- 
ceptible effect on the process. 0.001 M cyanide gave a ca. 30 per 
cent inhibition, while 0.007 M sodium borate and 0.09 M pot- 
assium pyrophosphate both gave about 60 per cent inhibition. 
These data were obtained for the oxidation of 2 mg of substance 
B at pH 7.7. An almost 90 per cent inhibition was obtained 
with 0.006 M potassium cyanide. 

It has been found by the workers mentioned in the introduction 
that mono amine oxidase is inhibited by ethyl urethane, and this 
was verified by the present writer for tyramine and /6-phenyl- 
ethyl amine. Mescaline and substance B, however, showed a 
different behaviour. A typical experiment was carried out as 
follows. One Warburg vessel contained in its main chamber 2 ml 
of an undialyzed enzyme solution (pH 7.5) and 2 mg ethyl urethane 
dissolved in 1 ml water; the main chamber of . another vessel 
contained 2 ml of the same enzyme extract plus 1 ml water. Both 
chambers contained in addition 2 mg mescaline and in a parallel 
experiment 2 mg of substance B. The central chambers con- 
tained 0.2 ml 5 per cent potassium hydroxide solution, as usual. 
No difference in oxygen uptake was found, and similar results 
wore found when working at other urethane concentrations (up 
to 8 mg ethyl urethane). Similar results were also found for the 
dialyzed enzyme extracts. 

It has been found by previous workers that ephedrine is not 
attacked by mono amine oxidase. However, this compound has 
a very strong affinity for the enzyme, and is therefore capable 
of competitive inhibition of the oxidation of other amines by 
mono amine oxidase. This was verified by the writer in some 
work with tyramine and a mono amine oxidase preparation from 
rat liver. It was thought to be of interest to see whether ephedrine 
has any effect on the oxidation of mescaline and substance B by 
the enzyme preparations from rabbit’s liver. The experiments were 
carried out by a procedure very similar to that used for ethyl 
urethane, and details are therefore unnecessary. No effect was 
found. 

We have finally investigated the effect of some metal salts on 
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tlie oxidation of mescaline and substance B. The salts investigated 
were the nitrates and chlorides of copper, iron, manganese and 
magnesium. The experiments were carried out as described above 
for eth 5 d urethane and ephedrine. The main chamber of the 
Warburg vessels contained 2 mg mescaline or substance B, and 
both dialyzed and undialyzed enzyme extracts were used. The 
effect of each salt was investigated with quantities of 0.1, 1.0, 
1.5 and 2 mg of it being present in the reaction mixtures. There 
was never any sign of an activating effect of the salts in the 
oxidation process. 

Throughout all our work mescaline hydrochloride and mescaline 
hydrosulphate showed identical behaviour. 

DiscussioJi. From the above experiments with various inhibitors 
we may probably safely conclude that we are dealing with an 
essentially new enz}Tne, certainly different from the mono amine 
oxidase -with respect to chemical constitution. This is borne out 
very clearly for instance by the inhibition experiments with 
ephedrine. Our work with metal salts indicates that in all prob- 
ability copper, iron, manganese and magnesium are not required 
by the enzyme. It should also be remembered that the cyanide 
inhibition observed for the mescaline oxidase by the Bernheims 
as well as by the present writer is not that of a true cyanide sen- 
sitive system, which should be inhibited almost completely 
with a concentration of 0.001 M potassium cyanide, and this was 
not the case in our experiments. In view of all this it appears 
rather improbable that the mescaline oxidizing enzyme should 
be simply mono amine oxidase plus some heavy metal as coen- 
zyme. 

From our experiments it seems as if the presence of at least 
two methoxy groups in the aromatic rings in the substrates is 
necessary for the action of the enzyme, and it might be tempting 
to speculate on the role of these groups for the affinity between 
the enzyme and its substrates. Actually, however, more work 
with many different substrates is required to provide the experi- 
mental basis for work along that line, and the problem therefore 
has to be reserved for a later occasion. 

A word may finally be said about the purification of the enzyme, 
which seems to present a rather difficult problem. We did not 
succeed in separating the mescaline oxidase from the accom- 
panying mono amine oxidase. Thus autolysis and heating to 
different temperatures proved ineffective for this purpose. We 
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further tried adsorption on Fuller’s earth, some aluminium oxide 
preparations, kiselguhr and a few other adsorbents available 
in our laboratory, among them two types of permutite. No separa- 
tion was achieved. We mention this only to show that there is a 
considerable similarity in many respects between mescaline 
oxidase and mono amine oxidase. 

The writer is glad to express his best thanks to Professor E. 
Ege for hospitality and support. 


Summary. 

The paper reports the results of an investigation of the enzyme 
in rabbit’s liver that catalyzes the oxidation of mescaline. Another 
substrate for this enzyme is found. By inhibition experiments 
it is shown that the enz 3 ’'me is in all probability structurally differ- 
ent from the mono amine oxidase. The experiments indicate 
that copper, iron, manganese and magnesium are probably of 
no importance for the enzymatic process. The role of metals is 
further discussed, and it is shown that a suggestion about the 
nature of the mescaline oxidizing enzyme put forward by Bern- 
HEIM and Bernheim is probably untenable. 
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Ever since Lennander ^1902) showed, that mechanical stim- 
ulation of the abdominal viscera did not evoke pain sensation un- 
der local anesthesia, the question of sensitive innervation of the 
viscera has been an object of a special interest. Investigations of 
this problem liave included observations on humans, inter alia 
during operation, as well as experiments on animals, whereby 
certain typical reactions and reflexes to "pain” stimuli have been 
studied. During the latter type of investigation observations 
could be made particularly of the production and transmission 
of the nerve impulses, which might be considered to be the basis 
of pain sensations. 

Previous investigations of the visceral supply of end-organs 
for centripetal impulse discharge have however not led to any 
generally accepted opinion. Lennander’s opinion is still main- 
tained that viscera are lacking in true pain nerves and that the 
occurrence of visceral pain is produced by simultaneous irritation 
of the pain sensitive parietal peritoneum or mesentery. (Moreley, 
1931.) The phenomenon, that mechanical stimuli of the viscera 
do not evoke pain whereas viscera can be the site of intensive 
discomfort under pathological conditions, has been explained also 
in an other way, namely, that the visceral pain end-organs are 
adapted for specific types of stimuli, such as, pulling, stretching 
and anoxia and are only very slihgtly sensitive to other forms of 
stimuli. Such an explanation is difficult to accept, however, since 
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meclianical stimulation, e. g. incision in the organ, or injury to 
the tissues due to a severe pressure must he considered to evoke 
a direct stimulation of the pain nerve fibres, which must produce 
the same sensation as stimulation of the end-organs. 

Lewis and Kellgren (1939), during experiments on the elici- 
tation of viscero-motor reflexes in decapitated cats, have claimed 
to have shown that nerve fibres for pain transmission and their 
end-organs are located only in the mesentery and are entirelv 
lacking in the intestine as well as in the solid organs of the ab- 
domen. These authors were thus able to evoke viscero-motor 
reflex through mechanical stimulation of the mesentery and the 
pancreas localized therein but not through stimulation of the in- 
testine. The mesentery and its end-organs may be simultaneously 
stimulated by a stretching or pulling of an intestinal section and 
in this way a pain sensation may be evoked. In contrast, however, 
to the results founa by Lewis and Kellgren, there are the state- 
ments of Miller and his associates (1925) who found that squeez- 
ing the small intestine of a decapitated cat elicited contractions, 
inter alia, in the abdominal muscles. Downman and Me Swiney 
(1946) showed on decerebrated cats, where the spinal cord had 
been severed in the upper thoracic part, that increased tone in 
the skeletal muscles may be elicited by stimulation of the small 
intestine without involving the mesentery. 

Gernandt and Zotterman (1946) recorded action potentials 
in nerve branches in the mesentery and in the splancnic nerve 
using strong mechanical stimulus of the small intestine and found 
impulse discharges in the d and C fibres, i. e. the same types of 
fibres that in the cutaneous nerves transmit pain and nociceptive 
reflexes (Zotteriian 1933, 1936, 1939). Partly on the basis of 
the results presented in this paper Gernandt and Zotterman 
assumed that the recorded action potentials originate from 
afferent “pain” conducting fibres. 

In the present work experiments are related, which seem to 
elucidate the question of the elicitation of the viscero motor re- 
flexes especially by stimulation of the intestine. 


Method. 

The experimerits were made on cats, some under superficial Dial 
anesthesia and some after decapitation, the latter animals being 
ventilated with the help of a Starling pump. At the beginning of the 
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experiments the animals "were generally in good condition with active 
spinal reflexes. Usually it was possible to begin the experiments 20—30 
min. after decapitation and no signs of spinal shock were than observ- 
able. That the usually stated shock stage following decapitation could 
be shortened is probably to be attributed to our attempt to make the 
decapitation as quickly as possible using the least possible amount of 
ether. In some cases the spinal automatism has been so pronounced 
that it made the recording difficult. Even under Dial anesthesia the 
spinal reflexes have been well preserved during the experiments. 

In solitary experiments rabbits have been used rmder Dial anesthesia 
and after decapitation. 

Contractions of the partially freed segment of the m. rectus ab- 
dominis have been registered by a mechanical myograph as well as 
by electromyography. Mostly the mechano-myogram has been re- 
gistered isotonically using a lightly weighted writing lever. Eegistra- 
tion of the action potentials has been made with the help of concentric 
pin lectrodcs and a direct-alternate current amplifier, tjqje Buchthal- 
Nielsen, connected to a mirror oscillograph, typeElectrical-Phonofilm. 
During these experiments the animal has been placed in a screened 
box with a temperature of 30 — 38° C (saturated humidity). 

For experiments on the stimulation of the small intestine, an in- 
testinal loop has been pulled out through a small opening in the ab- 
dominal wall, lateral and on opposite side to the freed segment of the 
rectus muscle. 

An electron stimulator, type Buchthal-Kaiser, and silver pin elec- 
trodes have been used for electrical stimulation. 


Bes lilts. 

A. Mechanical Stimulation. 

The freed loop of the small intestine has, inter alia, been stim- 
ulated by squeezing with an artery forceps, naturally, in this Avay, 
not only a pressure affect but even tissue injury has been obtained. 
By direct registration of muscle activity as w'ell as by recording 
the action potentials from the rectus muscle (see fig. 1 and 2) 
absolutely clear contractions could be demonstrated both on de- 
capitated and on Dial narcotised cats. By application of the artery 
forceps over the entire transverse section of the intestinal loop 
greater contractions were obtained than if only half of the sec- 
tion was stimulated, provided the mesentery wms not simultane- 
ously irritated (fig. 2). Every pulling of the mesentery wms 
carefully avoided. 

With similar stimulation of the stomach wall, mesentery, large 
intestine and kidney, reflex contractions were obtained Avhich 
varied in degree for the point of stimulation. 
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Fig. 3. Cat, cicsapitated. ^lyogram from section of m. reel. abtl. A. Squeezing 
of freed abdominal skin witli foreeps. B. The same, of the .small intestine. C. 
Stretching with balloon of small intestine, cir. 4 em. long area. 1). ] nulling in the 
mesentery, tt further pulling. E. t forceps on the small intestine, j] another for- 
ceps cir. 4 cm. caudal. pulling between the two forceps. Time in 20 see. 


Fig. 4. Cat, decapitated, ^fyogram from m. 
root. abd. Electrical stimulation of the small 
intestine. A. Near mesenterial connection, 
short duration; B. As distal to mesenterial 
connection as possible, short duration. 
C. Position ns (B), long duration. D. Posi- 
tion as (A), long duration. E. Position be- 
tween (A) and (B), long duration. The first 
contraction Wave varies with point of applica- 
tion, the other varies with duration. Time 
in 10 sec. 



sided, pulling was effected between the two forceps. Even here 
a contraction was evoked in the rectus muscles, which within 
certain limits increased with increased tension. A smaller con- 
traction was obtained, however, with a very strong pull on a 
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4 cm. long intestinal segment than that from the application of 
either of the two forceps (fig. 3 E). 

Also stretching of an intestinal loop has been obtained by in- 
sertion a small rubber bladder, which could be inflated to varying 
degrees through a hose connection. The bladder was generally 
inserted in the middle section of the small intestine. Moderate 
and intensive stretching in this way of a 4 cm. long section elicited 
a muscle contraction very nearly similar in strength to that 
obtained by pulling an equal area (fig. 3 C). The effect of extensive 
stretching obtained in both these ways has thus not been more 
pronoimced than that obtained by pressure of forceps on a much 
smaller area. Therefore, it has been demonstrated that it is easier 
to evoke viscero-motor reflexes by injury of the intestinal wall 
than by pulling and stretching. 

On rabbits under Dial anesthesia or after decapitation a viscero- 
motor reflex could never be evoked except from branches of the 
splanchnic nerve and by mechanical stimulation of the hilus area 
of the kidney. 


B. Electrical Stimulation. 

The electrode distance was 4 mm. for electrical stimulation of 
the freed intestine. A contraction of the rectus muscle was ob- 
tained in direct connection to the stimulation. The nearer the 
electrodes were placed to the point of connection between the 
intestine and the mesentery the greater was the reflex con- 
traction (fig. 4 A B). 

A relatively slowly appearing contraction of the stimulated 
area was evoked when electrical stimulus of a few seconds dura- 
tion was applied to the intestine. This local intestinal contraction 
appeared as a marked constriction and decided paling. In con- 
nection with the appearance of the intestinal contraction a reflex 
contraction was evoked in the rectus muscles. Thus two waves 
were obtained on the myogram with stimuli of favorable dma- 
tion, the first had much the same appearance as that from me- 
chanical stimuli — - a quick rise and a slower sinking towards the 
baseline — the second, usually with a slower rise in association 
with the appearance of intestinal contraction (fig. 4). The latter 
could, however, attain and even surpass the maximum of the 
former, due partly to localisation of the stimulus with respect to the 
mesenterial connection — although this had particular influence on 
the size of the first wave — and partly on the duration of the stim- 
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ulus — wliicli particularly influenced tlie intestinal contraction and 
thereby the size of the second -wave. The difference in size be- 
tween the two waves of contraction, evoked by electrical stimulus 
of the intestine, was however not greater than that it can be 
explained by the intestinal contraction involving a larger area 
than that which was directly affected by the electrical stimula- 
tion. 

Experiments with electrical stimulation have thus shown; 

1. that a viscero-motor reflex can be elicited by electrical 
stimulation of a limited area of the intestine even on the side op- 
posite the mesentery. 

2. that a larger contraction is obtained the nearer the stim- 
ulatea area is to the mesenterial connection. 

3. that a local intestinal contraction, caused by electrical stim-. 
ulation, can elicit a viscero-motor reflex. 

4. that quite strong reflexes can be elicited as well by pure 
electrical stimulation of a part of the intestine as by contraction 
of the same. 


C. Chemical Stimulation. 

1/10 N HCl and BaCln solutions of varying concentrations have 
been used as stimuli. 

Kegular contractions of the rectus muscle have been obtained 
by dropping 1/10 N HCl on the intestine, regardless of whether 
an intestinal contraction occurred or not. 

Abdominal muscle contractions associated with local intestinal 
contractions occurred by dropping BaCL solution on the intes- 
tine in such low concentrations that when injected in the skin 
no motor reflexes were elicited. This indicates that the effect was 
produced by the intestinal contraction evoked by this agent 
and not directly by the BaClg solution. 


D. Thermal Stimulation. 

Abdominal muscle contractions were evoked if hot Ringer 
solution was dropped on the intestine, even when care was taken 
not to stimulate the mesentery. Local intestinal contractions were 
not elicited in this way, therefore it must be assumed .that the 
-afferent nerve fibres in the intestinal wall, or their end-organs, 
were thermally stimulated. 
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Discussion. 

The elicitation of viscero-motor reflexes from the intestinal 
wall in the above experiments shows that the wall is supplied 
with afferent conducting nerves. This confirms the investigations 
of Downman and Mo Swiney (1946). It, however, contradicts 
the published results of Lewis and Kellgren (1939), which 
led them to the hypothesis that pain stimulation only should 
be able to be elicited by pulling the mesenterial connection of the 
intestine. Since we used the same method as Lewis and Kell- 
gren, we cannot explain the difference in results other than 
that these authors used animals which were in a less irritable 
condition. Since all the nerve fibres to the intestine run in the 
mesentery the density of nerve fibres there must be many times 
greater than in the intestinal wall. As the effect of a stimulus 
is dependent on the total number of nerve fibres involved it is 
to be expected that it is easier to obtain clear effects by stim- 
ulating the mesentery than only a part of the intestinal wall. 
Thus in our experiments on animals with reduced spinal reflex 
irritability, registerable effects could only be elicited by stim- 
ulation of the mesentery, while on the other hand, clear effects 
have been obtained by stimulation of the intestinal wall of animals 
with good spinal irritability. 

The viscero-motor reflexes in our experiments have been 
elicited by mechanical, electrical, chemical and thermal stimuli. 
In our comparisons between the effects of stretching and pulling 
of the intestine and other forms of stimuli, we could not find any 
support for the theory that the afferent nerve fibres with end- 
organs, under discussion here, should be more easily stimulated 
by the former type of stimuli than the latter. We have, there- 
fore, not been able to confirm the opinion that nociceptive reflexes 
and the possibly associated pain sensations should be preferably 
elicited by stretching and pulling the intestinal wall. Quite the 
contrary, our experiments have shown that the different types of 
stimuli, which elicit pain sensation and nociceptive reflexes from 
the skin and other somatic tissues even elicit the viscero-motor 
reflex. 

The experiments have thus shown that the intestinal walls in 
the cat are supplied with nerve fibres and end-organs which upon 
noxious stimulation transmit nociceptive reflexes and thereby 
react as pain transmitting elements in somatic innervated tissues. 
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This has been confirmed by the investigations of Gebnandt and 
ZoTTERMAN (1946) concerning visceral pain, already referred to. 

It is however not altogether certain that a stimulus, which 
elicits a motor reflex also evokes pain sensations. It is possible 
that a higher degree of spatial and temporal summation is nec- 
essary in order to evoke pain sensation than that necessary to 
elicit a viscero-motor reflex. This in connection with the low nerve 
fibre density in the viscera could explain their relative insensitiv- 
ity to stimuli of short duration. With stimuli of longer duration, 
the necessary conditions exist for the occurrence of .a pain sen- 
sation, which then is usually associated with other indications of 
summation, such as hyperalgesia in the dermatdms, belonging 
to the same segments as the organ in question. 


Summary. 

The elicitation of viscero-motor reflex especially from the 
small intestine has been studied on the cat under light barbituric 
anesthesia or after decapitation. 

On animals with good reflex irritability, the reflex can be 
elicited from the intestinal wall by mechanical, electrical, chemical 
and thermal stimuli without the involvement of the mesentery 
or of its connection with the intestine. 

The effect of a stimulation of the intestinal wall is stronger 
the nearer the. stimulus is placed to the mesenterial connection. 
This is explained by the fact that the density of the nerve fibres 
must be greater here. 

A cutano-motor reflex is much stronger than a viscero-motor 
reflex elicited by the same stimulus on an equal area of skin resp. 
intestinal wall. 

No basis has appeared for the assumption that the intestinal 
wall should be supplied with pain nerve end-organs, especially 
adapted for stretching or pulling, or which in any way should 
differ from the pain nerve end-organs in the somatic innervated 
tissues. The principle difference between the visceral and somatic 
innervated organs probably is a quantitative, the density of 
nociceptive nerve fibres with end-organs. 


This work has been aided by a grant from the Therese and 
Johan Andersson Memorial foundation, 

25 — i72161. Acta p7ij/s. Scandinav. Vol. li. 
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M. Nielsen (1938) has shown that the increase in body tem- 
perature during muscular work is due to a regulation and — 
inside wide limits — independent of the environmental tempera- 
ture, humidity and air movement. The higher body temperature 
during work, therefore, is not due to an inadequate heat regula- 
tion, unable to cope with the increased formation of heat in the 
working muscles, but is due to a new "setting” of the thermo- 
regulatory centre. The usefulness of a higher body temperature 
during exercise has been shown by Asmussen and Bsje (1945) 
to lie in the fact that the muscles perform better at a higher 
temperature. 

The "setting” of the thermo-regulatory centre during wmrk may 
be effected in various ways. Nielsen suggests cortical impulses 
or changes in the composition of the blood, but is well aware that 
other factors, such as reflexes from different parts of the body, 
also may play a role. Since Nielsens paper appeared, very little 
has been done in attempting to elucidate this question. An article 
by Winslow and Gagge (1941) mentions — in affirmation of 
Nielsens observations — that the sldn temperature during work 
is rather independent of the intensity of work and that the rate of 
sweating, consequently, must be controlled by the internal tem- 
perature rather than by the skin temperature. 
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As a means of studying the changed sensitivity of the thermo- 
legulatory centre during work a comparison of the heat regulation 
during arm-work and work performed with the legs seemed pos- 
sible. It is well known that for instance the adaptation of the ven- 
tilation to the oxygen consumption is different in arm-work and 
in leg- work [Asmussen and Nielsen (1946)] and it has been 
suggested that this difference might be due to both a dissimilarity 
in the composition of the blood and to an inequality of the reflexes 
arising in the arms and in the legs. It is, therefore, the purpose 
of this paper to study the increase in temperature during work 
performed with the arms and with the legs, and, if possible, from 
the results to draw such conclusions that might add to our know- 
ledge of the thermo-regulation during work. 


Methods and Procedure. 

The work was performed on a KROGH-bicycle ergometer, which for 
the arm-work could be furnished with a pair of handles in stead of the 
pedals. During armwork the subject sat on a high stool. 

The temperatures were measured by a thermo-couple inserted about 
20 cm into the rectum. In some experiments the temperature in the 
stomach was measured by a second thermo-couple, placed within a 
small metal-bulb, about 4 mm in diameter, that could be swallowed 
easily. The wires were inclosed in a rubber tube. The reference tempera- 
ture was measured with a mercury thermometer, placed in water in a 
DEWARS-flask, kept at 38 — 39° C. The thermometer could be read with 
an accuracy of 0 . 02 ° C. On the galvanometer (Multiflex), 1 scale unit 
corresponded to 0.103°C, so that also here the accuracy was about 
0.02° C. 

The total energy output in Cal/min was calculated from the oxygen 
uptake and the EQ, both determined by the DouGLAS-bag method. 
The heat production then could be estimated after subtraction of the 
external work as measured on the ergometer. 

The subjects were two young, male students, P. Th., age 21, and 0. W. 
age 19. All experiments were made at room temperatures of 20 — 22° C 
under standard conditions in the morning and after a preliminary 
resting period in the lying position of at least half an hour. The work 
lasted in all cases 40 minutes. At this time a steady state was reached 
in works of lighter intensity, but in heavy work the temperature was 
still increasing. However, as the subjects were unable to continue 
heavy work with the arms long enough to reach a steady state, the 
temperature after 40 minutes was chosen as the working temperature 
at all grades of work. 

As Nielsen has pointed out, the temperature reached by a certain 
intensity of work is to some extent 'depending on the resting tempera- 
ture pre-vious to exercise. This, combined with the fact that the 
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absolute temperatures — especially in the experiments on subject P. Th. 
— -were less accurately determined, make the increase in temperature 
more reliable than the absohite temperatures. In the pre.sent work, 
therefore, the increase in temperature and not the final temperature 
was taken as a measure of the influence of exercise on body temperature. 

Rosiilts. 

The results from a pair of typical experiments with light work 
on P.Th. (360 mkg/min with the arms, 540 mkg/inin with the 
legs) are presented in fig. 1. In Ijoth lands of work the energy 
output was 7.2Cal/min. Due to the lower efficiency of the arm- 
muscles for this kind of work, the heat production was 6.4 Cal/min 
when working with the arms as compared to only 5.6 Cal/min 
when working with the legs. It will be sceii, that the increase in 
temperature above the resting value is larger when working with 
the legs than during arm-work. 

Fig. 2 shows a corresponding set of experiments on 0. W. during 
heavy work (890 mkg/min with the arms, 1,214 mkg/min with the 
legs). The energy production was in both cases approximately 
14.3 Cal/min and the heat production 11.5 Cal/min during leg- work 
and 12.2 during arm-work. Although no steady state of body 
temperature was reached, it is easy to see, that also here the 
increase during exercise with the legs is larger than during work 
with the arms. 

A summary of all the experiments made on P. Th. is given by 
figs. 3 and 4, where the increase in temperature after 40 min of 
work is plotted against the total energy output per minutes (fig. 3) 
and the heat production per minute (fig. 4). It will be seen that in 
both figs, the increase is larger when work was performed with 
the legs than when it was done with the arms. 

Corresponding results were obtained with O.W. In 20 experi- 
ments with leg-work and 19 with arm-work, the latter as heavy 
as the subject could perform, the mean results came out as in 
table 1. 

As it might be objected that the higher increase in temperature 
during work with the legs were due to the proximity of the 
measuring thermo-couple to the working muscles in the legs or to 
the great veins coming from the legs, a series of experiments was 
made in which the temperature increase in the stomach was 
measured. The subject swallowed the ball containing the thermo- 
couple previous to work, but it was withdraum immediately after 
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Fig. 1. Subj. P. Th. Increase in rectal temperature during 40 min of light work: 

• • with the legs at 7.2 Cal/min and x X with the arms 

at 7.2 Cal/min. Heat production 5.9 and 6.4 Cal/min respectively. 
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Pig. 3. Subj. P. Th. Increase in rectal temperature after 40 min of work in relation 
to total energy output in Cal/min. 

• • leg- work. 

X X arm- work. 

start and not swallowed again until about 10 minutes before finish. 
The results from 10 experiments of both kinds on 0. W. are shown 
in table 2. It can be seen that the nearness of the measuring thermo- 
couple to the working muscles during leg-work has had no effect 
on the increase in temperature, which is higher than during work 
with the arms also when measured in the ventricle. 

A few experiments, 4 of each kind on P.Th. showed the same 
viz. that the increase in temperature measured in the stomach 
was higher during leg- work than during arm-work. 

The results of these experiments, therefore, seem to show con- 
clusively that worh at a given energy output, or at a given heat pro- 
duction, creates a larger increase in body temperature in leg-work 
than in arm-work. 

Work costing the same energy output is felt subjectively much 
harder when performed with the arms than when performed with 
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■pig. 4. Subj. P. Th. Increase in rectal temperature after 40 min of work in relation 
to heat-prodvction in Cal/min. 

• • leg- work. 

X X arm-work. 

the legs. The ventilation, the pulse rate and the level of the blood 
lactates will also be considerably higher during arm-work. 

As some of these factors might influence the level of the body 
temperature, some experiments were made, in which work with 
the legs was performed at a lowered barometric pressure, viz. 
corresponding to an altitude of 4,000 m, in a low-pressure chamber. 
Work at this altitude at the rate of 1,100 mkg/min was felt sub- 
jectively as very hard, and ventilation, pulse rate and blood lac- 
tates rise to levels considerably higher than at normal pressure. 
The effect on the increase in body temperature, as compared to 
control experiments made in the same chamber but at normal 
barometric pressure, is shown in table 3. 

It -ivill be seen that the increase in temperature at 4,000 m is the 
same as at sea level. 
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Tnblo 1. 


Subj. 0. W. 

Total 

energy 

output 

Cal/min 

Heat 

production 

Cal/min 

Temp, 
at start 
C° 

Temp. 

after 

40 min 

C° 

Increase 
in temp. 
C° 

Work with legs 
(mean of 20) 
range' 

12.2 

8.8— -15.7* 

10.2 

7.1—12.5 

37.09 

37.81 

0.75 

0.3G— 1.37 

Work with arms 
(mean of 19) 
range' 

11.8 

8.3—14.9 

10.1 

7.1—12.8 

37.08 

37.55 

0.17 

0.18— 0.90 


Table 2. 


1 

! Subj. 0. W. 

Total 

energy 

output 

Cal/min 

Heat 

produc- 

tion 

Cal/min 

Rectal 
temp, 
at start 
C“ 

Ventricle 
temp, 
at start 
C'’ 

Increase 

in 

rcct. 

temp. 

Increase 

in 

vent. 

temp. 

i 

Work with 
legs (mean 
of 10) 
range 



37.07 

36.97 

0.93 

0.79-1.37 

■ 

i 

Work with 
arms (mean 
of 10) 
range 





0.G3 

0.35-0.90 

0.73 

0.1 7-1.00 


Tnblo 8. 


Subj. 0. W. 

1,100 mkg/min 

Total energy 
output 
Cal/min 

Heat 

production 

Cal/min 

Rectal temp, 
at start 

C° 

Increase 
in temp. 

C'' 

Sea level (mean of 6) 
range 

13.1 

12.0—13.5 

10.5 

10.0—10.9 

37.08 

1.02 

0.81—1.29 

4,000 m (mean of 6) 
range 

13.3 

12.0—13.9 

10.7 

10.3—11.3 

37.11 

1.09 

0.90—1.20 


Discussion. 

The results of the experiments presented above corroborate the 
conclusion of Nielsen, viz., that the higher temperature during 

1 The wide range is due to the effect of training ^vhich increased the subject’s 
capacity for arm-work considerably. 
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work is not due to an inability of tbe beat-dissipating mecbanism 
in counteracting tbe increased formation of beat. For if tbis were 
so, wby, then, should calories produced in tbe leg muscles be more 
difficult to get rid of than calories produced in tbe muscles of tbe 
upper limb? Tbe beat-dissipating centre must be “set” at another 
level during work than in rest, and tbe “setting” must be induced 
by some factor related to tbe work, and — according to tbe present 
experiments — different for arm-work and for leg-work. 

Factors, related to tbe work, and different for arm-work and 
leg-work may be partly of nervous origin, partly of chemical 
nature. Among tbe first may be mentioned tbe subjective feeling 
of exertion or strain. Tbis feebng is much stronger during arm- 
work than during work with the legs and might — for instance 
by causing an overproduction of sweat — explain tbe lower tem- 
perature during arm-work. But tbe experiments at 4,000 m (table 
3), where tbis feeling was considerably stronger than at sea level, 
showed no effect on tbe level of tbe body temperature. 

"lATietber tbe cortical motor impulses, directly or by irradiation, 
influence tbe beat-dissipating centre cannot be decided, but tbe 
possibility exists, and it is also vefy well possible that tbe inte- 
grated proprioceptive reflex impulses from legs and from arms 
vary and therefore may influence tbe beat-centre differently. 
A parallel to tbis latter may be found in tbe difference between 
tbe ventilation in arm-work and in leg-work at low intensities of 
work, as suggested by Asmussen and Nielsen (1946). 

Among tbe factors of chemical nature that differ in arm- work 
and in leg-work are in first line those related to tbe different de- 
gree of anaerobiosis in tbe two kinds of work. These factors have 
been shown to play an important role in the regulation of venti- 
lation during heavy work (Asmussen and Nielsen) and might 
easily be assumed, also, to influence tbe beat-centre. But then 
again tbe experiments at high altitude contradict tbe simple 
assumption that metabobtes from tbe anaerobic processes should 
govern tbe “setting” of tbe beat-centre. For, as shown by As- 
mussen and Nielsen and recently by Lundin and Strom (1947), 
tbe level of tbe blood lactates, which can be taken as an expression 
of tbe anaerobicity of tbe work, is higher tbe lower the 02 -tension 
and, as seen from table 3, tbe increase in temperature is tbe same 
at 4,000 m at a low pOa as at sea level. 

Another factor that may influence the body temperature differ- 
ently in tbe two kinds of work is tbe distribution of tbe blood. 
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AVhile very little if any extra blood accumulates in the legs -while 
bicycling [Asmussen (1943)] a certain amount of blood will prob- 
ably pool in the veins of the legs while sitting on the high stool 
during arm- work. Such a changed distribution of the blood in the 
periphery has been sho-wn by Nielsen, Herrington and Winslow 
(1940) to influence the rectal temperature, but in opposite direc- 
tion of what is found in the present experiments. 

An effect of the position on the general circulation could not be 
detected; the cardiac output, determined during arm-work and 
leg-work on P.Th. with the acetylene-method showed no difference, 
although the pulse rate was somewhat higher during work -with 
the arms, possibly because of an accumulating of blood in the legs 
under the conditions of the experiments as mentioned above. An 
eventual effect of the different rates of ventilation in the two 
lands of work can also be ruled out, as show the experiments in 
high altitude, where the ventilation is greatly augmented. Errors 
due to the placing of the thermo-couple in the rectum, near the 
working muscles of the legs, can as mentioned be excluded from 
consideration, as the temperatures measured in the stomach showed 
the same increase as in the rectum (table 2). 

Summing up, it might be said that besides differences in the 
nervous impulses to or from the muscles of the legs or the arms, 
none of the factors kno-wn to differ in exercise performed -with 
legs or arms can be assumed to be responsible for the difference 
in the regulation of the temperature in the two kinds of work. 
It may, therefore, tentatively be assumed that the difference in 
the "setting” of the heat-dissipating centre in the two kinds of 
work is brought about either by irradiation of the efferent impulses 
from the motor-cortex, or by a summation of proprioceptive im- 
pulses arising in the working muscles. 

The regulation of the body temperature during work may then 
be outlined as follows; The heat-dissipating centre is stimulated 
by the increased temperature of the blood, warmed in the working 
muscles. The centre sends out impulses by which the secretion of 
sweat and the blood flow through the skin is increased, until a 
balance between blood temperature and heat dissipation is reached. 
The temperature at which this balance is reached is, however, 
dependent on the sensiti-vity of the centre, and this in turn may 
among other factors be determined by the degree of the nervous 
activity including nervous impulses, reaching the centre from the 
periphery and, possibly, from the cortical motor areas. The peri- 
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pheral. impulses might include sensations from the skin as well as 
proprioceptive impulses from muscles and joints. The integration 
in the centre of these impulses might contribute to the final "set- 
ting” of the body’s "thermostat”. 


Summary. 

Experiments were performed in which the increase in rectal 
temperature was measured during ergometer exercise with the 
arms and with the legs. 

It was found that at a given output of energy, and at a given 
production of heat, the increase in temperature was larger with 
leg- work than with arm- work. 

Temperature measurements in the stomach showed that this 
difference was not due to the proximity during leg-work of the 
working muscles to the measuring thermocouple. 

Experiments with leg-work at sea level and at a simulated alti- 
tude of 4,000 m showed no difference in the temperature increase, 
indicating that a more anaerobic condition and a more pronounced 
subjective feeling of strain have no effect on the thermoregulating 
centre during work. 

It is concluded that the different “setting” of the heat dissi- 
pating centre during work with the arms and with the legs possibly 
is due to a different set of nervous impulses, efferent and reflex, 
reaching the centre during the two kinds of work. 
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In pretaous feports (Plum, 1946, 1947, 1942, 1943) methods are 
described for the determination of both the rate of erythrocyte 
formation in a bone-marrow suspension, and the influence of va- 
rious substances on the rate of ripening of reticulocytes. The 
technique used in the former investigations is a modification of 
that of Osgood (1936), and is described in detail elsewhere (Plum 
1946, 1947). The groni-h and multiplication of the bone-marrow 
cells takes place under conditions as nearly normal as possible 
as regards pH, supply of nutrient substances and oxygen, and 
removal of waste products. 

In these experiments (1947) a principle in the serum (or plasma) 
was found to be necessary for the normal development of the red 
blood corpuscles. It was therefore planned to do various experi- 
ments to elucidate this phenomenon; viz. to study the effects of 
different preparations used in the treatment of pernicious anemia, 
and to correlate the behavior of both normal and pathological 
bone marrow cells toward "foreign” and "native” sera. (The term 
"native” serum is used here to denote serum obtained from the 
subject who contributed the bone marrow. The "foreign” serum 
was obtained from another individual, who may or may not have 
been a normal subject, as noted in the text.) These studies form 
the basis of the present report. 
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Methods. 

The bone-marrow Was obtained by sternal puncture. Smears Were 
made, and the remainder of the bone-marrow in the syringe -was mixed 
with 0.5 ml of 3.0 % Na-Citrate. As soon as possible — within one-half 
hour — this sample was centrifuged and nucleated cells separated from 
most of the erythrocytes, ready for cultivation. (Plum, 1946.) Before 
doing the sternal puncture, a 50 ml sample of blood was taken from the 
cubital vein to get serum for the nutrition fluid. 

Prom the number of new-formed cells and the number of normoblasts 
present, one can calculate the average number of red cells formed from 
each normoblast per hour. Using this and other procedures, the author 
has shown that the erythrocytes are formed by budding of protoplasma 
from the normoblast, and not by mitosis and denucleation of the cells. 
Further details regarding the calculation are given in Blood; the Journal 
of Hematology, 1947. 

In the experiments to be described, the following solutions were used 
as nutrition fluids. 

1) Locke’s fluid. 

2) Folic acid, Lederle — O.i %. 

3) Liver-extract, Hepsol fortior “MCO”, l.o % (diluted with Locke’s 
fluid). 

4) Liver-extract, Hepsol fortior “MCO”, l.o %, Tyrosine O.oi % 
(diluted with Locke’s fluid). 

5) The subjects own serum, l.o %, diluted with Locke’s fluid. 
(= “Native” serum). 

6) Serum from another person, l.o %, diluted with Locke’s fluid. 
(= “Foreign” serum). 


Results of the luTestigations. 

I. Normal Material. 

These investigations were carried out on bone-marrow obtained 
from medical students, nurses and industrial workers. All appeared 
to be in good health. 


A. The Belative Effects of “Foreign” and “Native” Sera 
on Erythrocyte Formation. 

The reticulocytes, or immature erythrocytes formed in the 
bone-marrow from normoblasts, will ripen both in marrow and 
peripheral circulation to mature erythrocytes. Previous studies 
have shown (Plum 1942, 1943) that a principle is present in serum 
and in plasma which is necessary for the ripening of the reticulo- 
C 5 d 3 es. Studies were therefore made to determine whether the 
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principle responsible for tbis ripening could also accelerate tbe 
initial formation of tbe red blood corpuscles from tbe normoblasts. 

About 26 experiments were carried out, employing blood and 
marrow from botb male and female subjects, 24 — 44 years of age. 
Because of tbe increase in reticulocyte-ripening substances found 
in plasma during menstruation, female subjects were used, only 
7 — 10 days after tbe end of tbeir menstrual period; 

During an experiment an increase takes place in tbe number of 
erythrocytes. Tbis formation of erythrocytes takes place during 
tbe entire experimental period of 6 hours, and can be maintained 
longer. I^Tien Locke’s fluid alone is used as tbe nutrient fluid (see 
below) tbe formation seems to stop after about 8 to 10 hours. 
For some hours thereafter there will be no change, or even a de- 
crease, in tbe number of erythrocyt.es. After tbis interval, a secon- 
dary increase in tbe number of red cells may again appear. "V^Tien 
liver-extract is added to the nutrient fluid, formation of erythro- 
cytes proceeds for much longer than 8 hours before coming to a 
halt. It seems therefore, that there must be one or more principles 
in the normoblast which are able to activate the formation of 
erythrocytes for a while when certain essential substances (amino- 
acids etc.), are absent from the nutrition fluid. IVhen this material 
is exhausted from the normoblasts, the formation of red cells stops, 
unless new material is added to the nutrition fluid. 

As shown in Table 1, Locke’s solution alone maintains only a 
slight production of red cells over a limited period of time. Both 
"foreign” and "native” sera in 1 % concentration, on the other 
hand, give rise to a rapid red cell production. Even here, however, 
there is a distinct and consistent difference, the "foreign” serum 
being about 15 % less active than the subject’s own serum. 

As indicated in column B, table 1, the average number of erythro- 
cytes produced after addition of "native” serum is about 6.29 cells 
per nucleated cell per hour, which means that each normoblast 
produces an average of one erythrocyte every 10 — 16 minutes. At 
this rate it is possible to maintain the normal red blood cell picture 
in the human organism (C. M. Plum, 1947). 

The last 3 columns in this table show further the relative 
activities of Locke’s fluid, "native” serum, and "foreign” serum. 
Thus, the first of these columns gives the per cent activity of for- 
eign serum as compared to the "native” serum. The second and 
third columns give the relative activities of "native” and "foreign” 
sera as compared in each case to the activity of Locke’s solution. 
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Table 1. . 


Number of Erythrooytes Produced per Normoblast per Hour in Normal 
Bone-marrow by using Locke’s Fluid, “Native” Serum, and “Foreign” 

Serum as Nutrient Fluids. 


Subject 

Activity of Nutrition Fluids 

Relative Activities 

Sex 

Age 

(years) 

Locke’s 

fluid 

(A) 

“Native’ 

serum 

(B) 

“Foreign’’ 

serum 

( C ) 

Cx 100 
B 

B— A 
■ A 

C— A 

A 

Female 

25 


5.58 

4.68 

) 

84 

4.33 

2.63 


26 


5.02 

4.47 

89 

3.82 

3.30 


26 

1.52 

5.62 

4.61 

83 

2.70 

2.03 


27 

1.42 

4.99 

3.47 

87 

2.52 

1.45 


29 

1.17 

5.23 

4.70 

90 

3.42 

3.02 


31 

1.02 

5.17 

4.18 

81 

4.07 

3.10 


32 

1.37 

5.29 

4.49 

85 

2.86 

2.28 


32 

1.23 

4.85 

3.97 

82 

2.94 

2.33 


33 

1.37 

5.11 

4.60 

90 

2.73 

2.36 


35 

1.13 

4.64 

4.13 

89 

3.11 

2.66 


35 

1.08 

4.67 

3.88 

83 

3.32 

2.69 


38 

1,33 

5.30 

4.60 

87 

2,98 

2.46 


40 

1,25 

5.27 

4.32 

82 

3,22 

2.46 


40 

1,38 

5.56 

4.94 

88 

3.03 

2.60 

Male 

24 

1.48 

5.28 

4.38 

83 

2.57 

1.96 


25 

mmm 

5,43 

4.89 

90 

3.63 

3.08 


27 


4.99 

4.14 

82 

3.62 

2.80 


27 

1.23 

5.37 

4.68 

87 

3.37 

2.80 


29 

1.33 

5.52 

4.64 

84 

3.15 

2.48 


30 


5.12 

4.45 

87 

3.92 

3.28 


32 

1.37 

5.31 

4.35 

82 

2.88 

2.17 


32 . 

1.40 

5.48 

4.60 

84 

2.91 

2.58 


36 

1.07 

5.15 

4.38 

85 

3.82 

3.09 


40 

1.09 

5.02 

4.52 

90 

3.61 

3.06 


44 

1.27 

5.56 

4.88 

88 

3.38 

2.84 

Maximum 

wm 

5.62 

4.94 

90 

4.07 

3.30 

Minimum 

■IS 

4.62 

3.47 

81 

2.52 

1.45 

Average 

' 1.26 

5.29 

4.50 

85 

3.25 

2.66 


The quantitatively different response found in the production 
of red cells when bone-marrow is activated by adding “foreign”, 
as contrasted with "native” serum has been interpreted to mean 
that serum contains a principle which can be used only by the 
bone-marrow cells of the same person. An alternative possibility 
is that inhibiting materials are present in "foreign” sera. 

^ Results are expressed in terms of the average number of erythrocytes formed 
per normoblast per hour. 
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Fig. 1. Tho Eelation between serum concentration and red cell production in a 

bone-marrow culture. 

Ordinate: number of erythrocytes produced per normoblast per hour; Nutrient 
fluid: Locke’s fluid, -f Serum. 

Abscisse: concentration of serum in tho nutrient fluid. 


26 — i72161. Acta phys, Scandinav. Vol. H. 
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Fig. 2. The Relation between the Formation of Red Cells in a Bone-marrow 
Culture when the Nutrient Fluid is Locke’s Fluid (Ordinate) and 1 % “Native” 
Serum (Abscisse). The ciphers in both ordinate and abscisse give the number of 
red cells produced per normoblast per hour. 


A one percent solution of serum in Locke’s fluid was used in 
these experiments since studies carried out with, different concen- 
trations of serum showed that the formation of red cells increases 
very little by using higher concentrations. These studies are sum- 
marized in Fig. 1. 

From the data given in table I it is seen that there are fairly 
large individual differences in the rate of “spontaneous” formation 
of red cells when the nutrient fluid is Locke’s solution. In Fig. 2 
is plotted the relationship between this “spontaneous” formation 
of the red cells and the formation of the cells when a 1 % solution 
of “native” serum is added to the Locke’s solution. It will be seen, 
in general, that a low rate of “spontaneous” formation of the red 
cells is associated with a slower rate of formation with added se- 
rum. The same relations have been demonstrated when the 
activation is produced by liver-extract (C. M. Plum, 1947). 

The results dealing with the “spontaneous” formation of red 
cells suggest that a principle in the normoblast may activate the 
production of red cells for some time. After the temporary cessa- 
tion of red cell formation, the second increase in erythropoiesis 
seems to be associated with the destruction of some erythrocytes 
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and the liberation of some necessary principles from these cells. 
It should be pointed out, however, that the formation of the red 
cells in Locke’s solution is not a natural one, since the cells formed 
do not grow to the normal size, such as is seen when serum is used 
as the nutrient fluid. 

Because the normoblast itself in Locke’s solution produces some 
erythrocytes (1.03 — 1.56, average 1.23, per normoblast per hour), 
it is always necessary to observe the rate of spontaneous formation 
of red cells, and to include this figure in the various calculations. 


B. TJie Effect of Various Preparations on Erythrocyte 

Formation. 

As noted above, results previously reported in this journal 
(C. M. Plum, 1943) show that the ripening of reticulocytes into 
mature erythrocytes depends on some substances found in serum 
and plasma. Liver-extract too contains substances able to activate 
the ripening of the reticulocytes, and the effect on the ripening 
process is further increased by adding tyrosine to the liver-extract 
(C. M. Plum, 1944). The effect of normal plasma or serum, on the 
other hand, is not enhanced by tyrosine. Because of these findings, 
it was desirable to investigate the effect of various materials on 
erythropoieses in bone-marrow culture, and specifically on the 
rate of formation of erythrocytes from normoblasts. 

The effect of various preparations employed in the treatment 
of pernicious anemia was studied. These included folic acid, liver- 
extract (Hepsol fortior, MOO), and liver extract plus tyrosine, in 
addition to "native” and "foreign” sera. These materials were 
each used in 1 % solution except for tyrosine which was used in a 
final concentration of 0.01 %. Controls employing only Locke’s 
fluid were used in all instances. 

Results of the 25 experiments done are summarized in table 2. 
The data for each of the added materials are given first in terms 
of the average red cell production per normoblast per hour (B) and 
then, (underlined) in terms of the ratio of its activity alone (B — A) 
to that of Locke’s solution alone (A). This latter ratio (B — A/A) 
is similar to that used in the final 2 columns of table 1. 

Prom this table it is apparent that each of the added materials 
increases the rate of red cell production appreciably over that 
found with only Locke’s solution, though to a different degree. 
Greatest activity was produced by native serum where the average 
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ratio of B — A/A was 3.25. Folic acid, with an average ratio of 
2.13 was least active. “Foreign” serum (2.66) and liver extract, 
with (2.58) and without (2.66) the addition of tyrosine had inter- 
mediate and about equal activities. 

Table 2. 

Investigations of Normal Bone-marrow Supported by Various Prepara- 
tions Used in the Treatment of Pernicious Anemia. 

The italics refer to the index described in the text, the other ciphers refer 
to the number of red cells produced per normoblast per hour. The results for 
the different media used as nutrient fluid seem to be correlated in such a vay that 
a maximum in the spontaneous formation (Locke’s fluid) follows a maximum in 
the activated formation of cells (Folic acid. Liver-extract etc.). 

The results here are baaed on 25 different exminations. 


Nutrient 

fluid 

Locke’s 

fluid 

Folic acid 
0.1 % 

Hepsol 

fort. 

1% 

Hepsol 
fort. 1 % -k 
tyrosine, 
O.Ol % 

“Poreign** 

serum 

1% 

“Native” 

serum 

i% 

Maximum 

Minimum 

1.56 

1.03 

5.80 2.72 
2.71 1.62 

6.51 3.17 
3.16 2.64 

6-58 3.22 
3.07 1.9S 

4.94 3.30 
3.47 1.45 

5.62 4.07 

4.62 2.52 

Average 

1.23 

3.85 2.13 

4.50 2.66 

4.41 2.5S 

4.50 2.66 

5.29 3.25 


Two of these results are of especial interest in comparing erythro- 
cyte formation with reticulocyte ripening. First, liver-extract 
and folic acid are more effective than serum in the latter case, 
whereas the opposite is here shown to be true of the former process. 
Secondly, tyrosine increases the reticulocyte ripening effect of 
liver-extract, but has no effect on the rate of formation of red 
cells under the conditions employed. 

The conclusions to be drawn from these experiments then are 
these: (1) that folic acid is a powerful stimulant of red cell forma- 
tion; (2) that liver-extract made from oxen, and serum from other 
individuals supply one or more further active substances but they 
may lack a factor which can be supplied only by “native” serum, 
or by red cell products as indicated by the secondary formation 
of erythrocytes in late stages of experiments with Locke s solution, 
and (3), that there are some differences between those factors 
responsible for red cell formation and those responsible for retic- 
ulocyte ripening. 
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II. Pathological Material.' 

The investigations were carried out on patients with different 
diseases, but chief emphasis was given to patients with blood 

^ilS68iSGS« 

The problems were three-fold; (1) Does the pathological marrow 
react in a normal way to substances able to activate a normal 
marrow, 2) does the pathological marrow react in a normal way to 
normal serum, and 3) does normal marrow react in a normal way 
to pathological serum? 

44 pathological cases were examined in an attempt to answer 
the first of these questions. The results are given in table 3. The 
spontaneous formation of red cells in the bone marrow suspension 
was reduced only in several cases of leukemia myeloides, in the 
1 case of leukemia lymphaticus, and in the cases of untreated 
pernicious anemia. In all other pathological cases investigated it 
is impossible to state anything definite regarding results with 
Locke’s solution, either because only a single case has. been in- 
vestigated or because the results are too divergent. 


A. The Effect of Polio Acid, Liver-Extract etc. 


It was found that in most of the cases investigated the forma- 
tion of red cells can be activated at least to the same degree as 
in cultures of normal marrow. Only in lymphogranulomatosis 
benigna is the activating effect of fohc acid or of liver preparations 
negligibly small. In most cases studied and especially in pernicious 
anemia both before and after therapy, the activating effect of 
folic acid was actually considerably greater than that seen in the 
average normal bone marrow (P. A. average = 2.74; Normal 
average 2.13). This difference cannot be an artifact due only to 
the low value of "A”, since “A” in untreated P.A., averaged 0.76, 
while it averaged 1.20 in treated P.A., yet the average ratio 
B— A/A in the former was 2.70 and in the latter it was 2.76. 

Some of the cases investigated were examined several times 
during the period of treatment. Eesults indicate that in myeloid 
leukemia there is an increase in the "spontaneous” formation of 
red cells following the addition of liver extract to the bone marrow 


E « Sonne, M. D., aud Profeaaot 

hagen, for supplying the bone-marrow samples for the investigation. ’ ^ ' 

26t — i72161. Acta phys. Scandinav. VqI.X4, 
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Table 8. 

Stud/LGs of EtytTiTo^ozcsis iti 4:4: EdtholoytccLl Eo'ii6~ttictTTows» 




520B 

35 

B 


SOB 

17 

568B 

48 

977B 

37 

869A- 

46 

626B' 

59 

612A 

27 

861A 

67 

832B 

73 

395B 

58 

Bldg. 

71 

811B 

72 

» 

1) 

» 

» 

862B 

69 

892B 

58 

» 

I) 

735A 

66 

» 

» 



» 

» 

769B 

37 

913A 

43 

» 

» 

» 

9 


» 

Rst. 411 

92 

566B 

53 


» 

» 


166A 

66 

> 

9 

707A 

73 

678A 

40 

E. A. St. 

77 

A.P. 

83 

» 

9 

V. J. 

74 

N. J. 

63 

J. C. 

53 


Diagnosis 


Lymphogrannlomato- 
sis benigna 
» 


Morb. Basedowii 

» ant. 

Myxedema, anemia 

simplex 

Myelomatosis 

» 

» 

Leukosis myeloides 

» (after treat- 

» ment) 


Locke’s 

Pluid 


Leukosis lymphatica 

D 

» (after treat- 
» ment) 

» » 

» 

Leukosis aleukemia 


Anemia hyperchr. Iieuk 
emia aleukemia 

Anemia hyperchr. 

» 

Pernioious A. (treated) 
» (treated with 
liver) 

» (treated with 
liver + Tyrosine) 
Pernicious A. (treated 
with liver) 




Hepsol 
fort. 
1 % + 
tjTO- 

sine 
O.Ol o/^ 


2.38 2.48 


2.56 I LP9 I 2.40 
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Table 3 (cont.).^ 


Date 

1946 

Jour. 



Diagnosis 

Locko’s 

Fluid 

Folio 
acid 
0.1 % 

Hopsol 

fort. 

1% 


25.6 

J.C. 

63 

E 

Pernicious A. (treated 









with liver) 

1.20 

2.46 

2.33 

2.39 

7.8 

A. L. 

69 

M 

Pernicious A. (untrea- 









ted) 

0.79 

2.83 

2.24 

2.56 

21.8 


» 


Pernicious A. (treated 









with folio acid) 

1.42 

3.00 

2.02 

2.83 

9.9 

M. E. 

64 


Pernicious A. (untrea- 









ted) 

0.81 

2.71 

2.39 

2.60 

1.10 

6 

1> 


Pernicious A. (treated 









With liver) 

1.12 

2.48 

2.49 

2.51 

9.5 

694A 

21 

F 

Anemia (typus incer- 









tus). Morb. coeliacus 









ant. 

0.07 

3.26 

1.03 

2.77 

14.5 

531B 

45 

M 

Ulcus duodeni c. ano- 









mia 

1.30 

2.14 

2.44 

3.00 

18.7 

712B 

63 

F 

Anemia simplex, febris 









undulans 

0.96 

3.09 

2.85 

2.89 

11.7 

946B 

56 

ft 

Anemia simplex, no- 









phritis ehr. 

1.18 

2.41 

2.64 

2.54 

4.6 

663A 

17 

ft 

Osteomyelitis clav. sin. 









anemia simpl. 

1.20 

2.31 

2.53 

2.68 

16.5 

610B 

56 

M 

Jlorb. cord, mitral. 

1.36 

2.31 

2.56 

2.65 

26.5 

802B 

53 

ft 

Care, brooch, pulm. et 









mot. 

1.00 

1.76 

1.48 

1.84 

15.8 

797B 

63 

ft 

Care. pulm. 

1.11 

2.72 

2.56 

2.65 

9.9 

601B 

66 

ft 

Care, prostatae, anemia 









sec. 

1.00 

1.83 

1.76 

2.00 

20.5 

525B 

47 

E 

Care, pancreatic. 

1.15 

2.42 

2.53 

2.69 

4.9 

C 

43 

M 

ft 

0.91 

1.26 

1.12 

1.24 

4.7 

778B 

71 

F 

Hepatitis subacuta 

1.23 

2.16 

2.41 

2.18 

27.8 

977A 

68 

M 

Sepsis lenta (strept. 









hemol.) 

1.27 

2.05 

2.43 

2.21 





Maximum 

1.50 

2.72 

3.17 

3.22 





Normal Average 

1.23 

2.13 

2.66 

2.58 

i 




Minimum 

1.03 

1.02 

2.04 

1.98 


culture wlien the number of leucocytes is reduced by treatment.” 
Interestingly, too, the untreated cases show a suboptimal effect with 
liver which is increased by tyrosine. After treatment of the 2 patients 
thus studied, liver extract alone gave an optimal effect. The same 


^ Results are given in terms of the ratio B — ^A/A, described above. 

® The cases 811B and 769B are published in detail by Y. Moutensen, M. D., 
Ugeskrift f. La-ger, 1947, but without the results of the bone marrow activity 
measured in the culture. The cases 735A and 913A are to be published by 
J. Clemmesen, M. D., T. Espersen, M. D., and C. M. Plum, Ph. H., in Blood; 
Journal of Hematology. 
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picture appears to be true of tlie one case of leukosis lympkatica 
studied. 

In tbe cases witli simple anemia or anemias resulting from can- 
cer, it appears tliat there are no eertain differences from the 
normal. 

Prom the above results it can be seen therefore that the normo- 
blasts in most of the bone-marrows investigated are able to res- 
pond normally to folic acid, liver-extract, or liver-extract plus 
tyrosine. 


B. Cross-Correlation Experiments. 

Cross-correlation experiments were done to get an answer to 
questions 2 and 3, namely, to determine whether the disease was 
due primarily to a deficiency of the marrow cells or of the serum. 
In these experiments marrow from one person (A) was stimulated 
by serum from both A and from another person B. Similarly, the 
marrow from B was stimulated by serum from both B and A. 
Typical results of such cross-correlation experiments on normal 
persons are given in table 4. These results agree with those of 
table 1 in indicating a greater activating effect by "native” than 
by "foreign” serum. 

Table 4. 


Cross-correlation Experiments with Normal Marrow and Normal Serum. 


Normal 
Marrow (A) 

Normal 

serum 

(A) 

Isformal 

serum 

(B) 

Normal 
Marrow (C) 

Normal 

serum 

(C) 

Normal 

serum 

(D) 

5.37 

4.41 

4.98 

4.48 

Normal 
Marrow (B) 

4.42 

5.02 

Normal 
Marrow (D) 

4.53 

5.52 


In table 5 two examples are given of cross-correlation experi- 
ments carried out between normal and pathological marrows. In 
the first example cited, the abnormality in pernicious anemia is 
shown to reside in a plasma deficiency rather than in a cellular 
deficiency. In the case of myeloid leukemia both serum and cells 
are shown to be deficient. 

By using the schema given in table 4 and 5 one can draw up 
certain quantitative relationships between the normal and patho- 
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Table 5. 

Cross-correlation Experiments with both Nomuil and Pathological Sera 

and Bone-marrow. 


Normal 
Marrow (E) 

Normal 

serum 

(E) 

Pernicious 

Anemia 

serum 

Normal 
Marrow (P) 

Normal 

serum 

(F) 

Leucosis 

myeloid 

serum 

5.39 

3.45 

5.16 


Pernicious 
Anemia mar- 
row 

5.2G 

3.88 

Leucosis 
myeloid mar- 
row 

3.97 

3.35 


logical marrows and sera. These can be expressed in the following 
3 ratios: 


1 } 


Pathological marrow added to “native” serum 
Normal marrow added to “native” serum 


= the total 


relative erythropoietic activity of the pathological matrow and 
serum. 

If the red cell formation is normal, this ratio should not differ 
significantly from unity (0.95 — 1.06). 

Pathological marrow added to normal serum 


2 ) 


: the relative 


Normal marrow added to “native” serum 
activity of the pathological bone marrow cells: If nothing is wrong 
with the marrow in the pathological case, the ratio should not differ 
significantly from 0.85 (0.80 — 0.90). 


3) 


Normal marrow added to pathological serum 
Normal marrow added to “native” serum 


= the relative 


activity of the pathological serum: A significant reduction of the 
ratio below 0.85 indicates a diminished function of the serum from 
the pathological case. 


The results given in table 6 are based upon these 4 ratios. In the 
one case of leukemia studied here it will be seen that there was a 
slight increase in the total cell plus serum function following the 
treatment. Analogous results are found in table 3, where the bone- 
marrow function is activated by folic acid etc. It will be seen too, 
that prior to treatment both serum and bone-marrow cell activity 
are decreased (22/7). After the treatment with urethane a decrease 
took place in the peripheral white cell count and following this 
the activity of serum increased (19/8). When the number of white 
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Table 6. 

Furth&r Results of Cross-correlation Experiments. 

The figures in column I represent the activity of the total pathological Bone- 
marrow; serum system corresponding to relation 1 (see text); column II = the 
activity of the pathological bone-marrow cells (relation 2); column in = the 
activity of the pathological serum (relation 3). All the values are corrected to the 
average of the normal red cell production: 5.29 (see table 1). 


Date 

Journ. 

Age 

Sex 

Diagnoses 

I 

II 

in 

22.7 

811B * 

72 ' 

M 

Leukosis myeloides 

0.65 

0.79 

0.64 

19.8 

» i 

» 

» 

» 1 ) (after treatment) 

0.72 

0.80 

0.77 

2.9 

» 


)> 

» » 

0.72 

0.75 

0.74 

25.6 

J.C. ' 

53 

F 

Pernicious anemia (untreated) 

0.71 

0.92 

0.64 

7.8 

» 

» i 

» 

» » (treated with liv- 








er) 

0.92 

0.87 

0.86 

9.9 

M. F. 

64 

M 

1 ) 1 ) (untreated) 

0.59 i 

0.98 

0.61 

1. 10 


» 

}> 

» » (treated with liv- 








er) 

0.88 

0.90 

0.85 

7.8 

A. L. 

69 

» 

» i> (untreated) 

0.58 

0.98 

0.64 

25.8 

» 


)) 

* » (treated with folio 








acid) j 

0.89 

0.87 

0.83 


cells increasedj however (2/9), cell and serum activities decreased 
slightly. 

In all the cases of untreated pernicious anemia the serum func- 
tion is reduced, whereas the function of the hone-marrow cells is 
slightly increased. After treatment with liver and folic acid and 
after the reticulocyte crisis there will be found an increase of the 
total function of the bone-marrow, the function of the bone- 
marrow cells and of the serum. 

These preliminary investigations carried out on cases of leukemia 
and pernicious anemia seem to show that similar disorders of 
erythropoiesis may appear in these diseases, and that the erythro- 
poietic system lacks some serum-principles in both conditions. 
These may or may not be the same. Further investigations are 
proceeding on this problem. 

Summary. 

Experiments have been performed on human sternal marrow 
kept alive in vitro in Locke’s solution with and without the addi- 
tion of different antipernicious anemia preparations or of serum 
from either the same or from another person. These materials have 
been shown to maintain erythropoietic activity at various levels. 

The slight formation of red cells which takes place in Locke s 
solution comes to a standstill after 8 — 10 hours, but is resumed 
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later when red cells are hemolyzed and presumably liberate nutri- 
tive materials. Fobc acid (0.1 %) will increase the formation of 
red cells considerably and'liver extract even more so. “Foreign” 
serum has about the same effect, but the subject’s own serum 
causes most rapid erythtopoiesis, thus pointing to the existence 
of a factor peculiar to each individual. A number of pathological 
cases were investigated. Thje “spontaneous” production of the fed 
cells was diminished in untreated pernicious anemia and leukemia, 
but was normal in various other conditions studied. In most 
of the cases, the pathological marrow responded quite as a normal 
marrow does when liver of folic acid is added to the nutrient fluid. 
Only in lymphogranulomatosis benigna was. a significant decrease 
decrease below normal found in the production of fed cells when 
these materials were used. Tyrosine increased the effect of liver 
extract in untreated pernicious anemia and in leukemia but had 
no added effect on normal bone-marrow. 

The production of red cells from the pathological marrow nour- 
ished by normal serum is slightly decreased below normal in some 
of the pathological cases, especially in leukemia. In this disease 
and in pernicious anemia there was a decreased total function of 
bone-marrow plus “native” serum. All pathological marrows, 
however, were considerably activated by the addition of normal 
serum to the nutrient fluid. The use of pathological serum with 
normal marrow results in a significant decrease in red cell produc- 
tion over that found when normal marrow is activated by "foreign” 
normal serum. 

In patients in whom a decrease was observed in the activity 
of the bone marrow cells and of the serum, ^. e. in pernicious anemia, 
effective therapy resulted in an increase in the amount of those 
substances n both cells and serum which activate the formation 
of red blood cells in the marrow cultures. 

These results considered together with the results found in 
investigations of the ripening of the reticulocytes in vitro show 
that there are certain active principles in the serum, some being 
necessary for the production of red cells and some for the ripening 
of the reticulocytes. It appears that certain of these principles are 
necessary for both processes. 

I extend my deep gratitude to the Carlsberg Foundation and 
to the King Christian the Tenth Fund for supporting these in- 
vestigations. 
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Preface 


Observations in this laboratory had draAvn attention to various 
possibilities inherent in the application of thermic stimuli to 
nerve fibres, particularly with regard to selective stimulation of 
small fibres. For this reason it was felt that tliermostimulation of 
nerves, a very much neglected subject, ^vas a theme that desen^ed 
a broad experimental survey. This ■work was undertaken by 
myself in the early autumn 1945. Its result forms tlie subject of 
this thesis. 

It is a great pleasure for me to express my sincere gratitude 
to the Director of the Nobel Institute for Neurophysiology, Pro- 
fessor Ragnar Granit, for valuable advice, criticism and encour- 
agement during tliese years. 

I also wish to convey my heartfelt thanks to Professor Ulf 
VON Euler for a number of valuable suggestions and for his 
kindness in placing at my disposal instruments and facilities in 
his laboratory. 

To the physicist of the Nobel Institute for Neurophysiology, 
Mr K. T. Helme, Mag. Phil., I am greatly indebted for valuable 
help in technical matters and for the apparatuses which he has 
designed for me. 

Mr E. Kejbo has given technical help for which I desire to 
express my thanks. 

Finally I am indebted to Mrs Katharine Lemon for the interest 
she has taken in the translation of this paper. 

The investigation has been supported by a personal grant from 
the foundation "Therese och Johan Anderssons Minne” and by 
grants to the Nobel Institute for Neurophysiology from the Medi- 
cal Research Council in Sweden and from the Rockefeller Foun- 
dation. 

Stockholm, March 1947. 

Curt von Euler. 
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Introduction and problem 


This work deals with an analysis of selective responses obtained 
by thermal stimulation of mammalian nerves. 

It arose as a consequence of previous experiments carried out 
in this laboratory with nerve as model sense-organ. In their paper 
on Nerve as Model Temperature End-Organ, Bernhard and 
Granit (1946) found that when a cooled region of a nerve became 
electronegative relative to the rest of the nerve (Grutzner, 1881; 
Verzar, 1911, see Historical section) an impulse discharge started 
soon after the rise of this potential. They also demonstrated that 
when the nerve was locally heated to about 45° the heated region 
similarly became electronegative so that nervous tissue thus was 
found to behave as a ’thermocouple’ having its zero point at 
body temperature. The negativity in response to heating was 
likemse accompanied by a discharge of impulses. These temper- 
ature potentials were therefore regarded as the ’generator 
potentials’ responsible for the impulse activity, in accordance 
with the views advanced by Bernhard, Granit and Skoglund 
(1942). It was further observed that the animal responded dif- 
ferently to heating and cooling of the sciatic nerve: only upon 
heating were there signs of struggling as if in response to painful 
stimuli. 

This observation suggested that cooling and heating excited 
different afferent fibres. In an old paper by Grutzner (1878), 
containing a number of good observations, it had been claimed 
that local heating stimulated the whole fibre spectrum of afferents 
but practically no efferent fibres and that local cooling, did not 
excite any fibres at all. 

It is clear that every method of selective nerve fibre stimula- 
tion would be a valuable asset, especially one, by which only the 
thinnest fibres were excited. If selective enough such a method 
wotild facilitate investigation of problems associated with the 
thinnest fibres and their central connections and, consequently 
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be of importance for the iicurophyMolopy of the nervouB «yptcm 
as a whole. 

Experimentation wap hegtin in the autumn 1945 and IjaP 
led to a numher of rcpultp of which, in order to facilitate pcrupal 
of tluB paper, the following oncp dopcrvc to he ppccially emphn- 
pized. 

It hap been cptahliphcd that heal and cold arc relatively pclcc- 
tive Ptimuli for pmall and large fihrcp and that Ptimulation of 
afferentp with heat .acts up a typical nociceptive reflex. Fibre 
differentiation by temperature changes proved, however, to have 
further interesting and new appccts. It ■was thus found that there 
arc characteristic differences between vegetative and somatic 
fibres of the same size with respect to thermoscnsitivily. Finally 
it proved possible to find fibres in which the thcrmopotcntials 
to heat and cold were differentiated in such a manner that 
certain nerves responded to cooling, others to heating. 



Historical Section 


Thermal stimulation and temperature potentials. 

From the middle of the last century onwards tliere are several 
papers on thermal stimulation of frog nerves. In most of them 
burning hot temperatures were used. Lautenbach (1879) dis- 
cussed the inconsistent results obtained with moderate temper- 
atures and stated that frogs of different breeds varied greatly 
in tlieir sensitivity to thermal stimulation, similarly frogs taken 
in different seasons (see also Novis, 1945). 

PiCKFORD (1851) made the interesting observation (on frogs) 
that while excitability within certain limits varied with the tem- 
perature, excitation could only be evoked by sudden temperature 
changes of positive or negative direction. Before the work of 
Bernhard and Granit (1946), mentioned above, there is only one 
systematic study of temperature stimulation on mammalian nerves, 
namely that of Grutzner. Grutzner and Heidenhain (1878) 
had observed, during work on vasomotor reflexes, that nocicep- 
tive reflexes with marked increases in blood pressure were eli- 
cited by heating a peripheral nerve. Grutzner (1878) investi- 
gated the thermal excitability of different nerves in the dog and 
the rabbit and found that vasomotor reflexes could be evoked 
from the central end of somatic and visceral nerves. By thermal 
stimulation of the peripheral end of severed somatic and visceral 
nerves it was impossible to obtain effects from muscles or viscera. 
However, when the heating of the peripheral end of the severed 
sciatic nerve was carried to 50° a vasodilatation of the vessels in 
the skin of the leg was noted. From these observation^, some of 
which I have been able to confirm in my paper, Grutzner 
reached the conclusion that ’’durch Erwarmung auf 45° 50 C 
erregt werden die centripetalen Nerven der verschiedensten Art 
wahrend mit Ausnahme der Hauterweiterer die centrifugalen in 
ihrer Erregbarkeit wohl bedeutend beeinflusst, aber nicht direcht 
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gereizt iverden”. GnuTZNER found no effects of local cooling. 
The discharge to cooling, so regularly noted by Bernhard and 
Granit (1946), was probably suppressed by the ether anaesthesia 
in Grutzner’s experimettts. 

In a later paper Grutzner (1881) intended to analyse the 
mechanism behind the difference between afferent and efferent 
fibres with respect to local warming. Hermann (1871) had already 
shoMTi tliat in a muscle a cooled portion was electronegative 
relative to a warm part. This was known to Grutzner who con- 
firmed his results for nerve but, having missed the effect of cold 
on the impulse discharge, he, somewhat surprisingly, expected 
heating to set up a local depolarization capable of generating 
impulse activity. Grutzner thus followed the same line of thought 
as Bernhard and Granit (1946) hut he did not succeed in 
demonstrating the expected potential differences between dorsal 
and ventral roots in response to warming that would have sub- 
stantiated his theory. The ’cold’ potential, by failing to generate 
a discharge, was another argument against it. 

Verzar (1911), in reinvestigating tlie question of ’cold poten- 
tials’, found (on frogs) that for temperature differences set up 
below 20° the cooled region was electronegative relative to a 
warmer region. However, when temperature differences were set 
up above 20°, he also obtained opposite effects, the warmed 
portion at times responding .negatively. In fact these cases 
were just as common as the other ones. The negative responses 
to heating he explained as demarcation potentials due to the 
high temperature. The temperatures used ivere, however, never 
above 38° and thus hardly high enough to kill the nerve. 
In many cases the negative thermopotential appeared already a 
few degrees above 20. Galeotti and Poecelui (1910) found that 
at low temperatures the warmed portion of a nerve became 
electronegative relative to a cooled part but their experimental 
conditions do not seem to have been altogether satisfactory. The 
old results are thus of a very conflicting nature which, no doubt, 
is largely due to the use of frog nerves. As pointed out above, 
Bernhard and Granit (1946) found mammalian nerves (cat 
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sciatic) to be in potential equilibrium around body temperature 
and respond negatively to local cooling or beating (45°). 

Different aspects of the problem, falling outside the scope of 
this paper, were studied by Bernstein (1902), Verzar (1911), 
Kolb (1928), Bremer and Titeca (1930, 1934, 1935, 1946). The 
results may be summarized in the statement that the demarcation 
potentials of frog nerves are maximal between 15 — 20°. Bremer 
and Titeca (1946) have recently investigated the heat block in 
frog nerves, immersed in a paraffin bath uniformly heated. The 
nerves were stimulated with electrical shocks. An interesting 
finding is the disappearance of the large fibre component of the 
electroneurogram when the bath was heated. 

The effect of temperature has, of course, been analyzed in a 
large number of papers dealing with the properties of the action 
potential, chronaxie and accommodation. For summaries, see 
Schaefer (1940) and Schoepfle and Erlanger (1941). This 
works need not be summarized hefre. 


Fibres conducting nociceptive impulses. 

It will be shown below that stimulation by heat elicits a typical 
nociceptive reflex. For this reason it is important to review the 
much debated question as to which fibres conduct pain impulses. 

It will be remembered that Head and his associates (1905, 1906, 
1908) separated the cutaneous sensations into two groups, to 
which they applied the terms ’protopathic’ and ’epicritic’. The 
protophathic group contains pain and temperature sensations 
tmder 22° and over 40°. It is characterised by a peculiar tingling 
quality and by radiation into other parts than those stimulated. 
The epicritic group contains light touch and temperature sensa- 
tions between 22° and 40°. Sensations of the latter kind are all 
accurately localised. In several important papers Ranson (see 
Ranson 1921) showed that the protopathic sensations are prin- 
cipally carried in the unmyelinated fibres. He compared the ease 
with which nociceptive reflexes were elicited from different skin 
areas with the relative and absolute number of unmyelinated 
fibres from these areas. Further he showed, confirming Head 
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et al. (1904), that in the regeneration of a nerve th6 protopathic 
sensation returns earlier than the epicritic and at' the same time 
as the unmyelinated fibres have grown out. The afferent immye- 
linated fibres regenerate at the same time as the vegetative 
efferent fibres to blood vessels and sweat glands. RansoN further 
based his assumption on the specific localization of the unmye- 
linated fibres at tbe point of entrance into the spinal cord where 
they pass to the tract of Lissauer and the substantia gelatinosa 
Rolandi. At the point of entrance into the spinal cord (cat) the 
unmyelinated fibres have also become differentiated from tlie 
myelinated fibres and lie in the lateral section of the root bundles, 
while the myelinated fibres enter in the medial section. 

Ranson and Billingsley (1916) then proceeded to sever either 
group of fibres selectively. If the lateral section of the root 
entrance was severed and thereby the unmyelinated fibres, they 
did not obtain any nociceptive reflexes to stimulation of this 
root by a strong faradic current. These reflexes werCf on the 
other hand, still present if only the myelinated fibres were 
severed by a medial incision in the root. 

The unmyelinated fibres ascend ventrolaterally to the tract of 
Lissauer and the substantia gelatinosa Rolandi (Ranson, 1914). 
Ranson and Hess (1915) found that the tract of Lissauer and 
the substantia gelatinosa are closely associated with pain recep- 
tion and pain conduction and that they likewise transmit the 
afferent impulses involved in the vasoconstriction reflex due to 
painful stimulation of the sciatic nerve. The vasomotor reflexes 
are produced almost exclusively by pain and temperature stimuli. 
Ranson and Hess believe that the tract of Lissauer and the 
substantia gelatinosa Rolandi form an organ for the reception 
and intersegmental conduction of afferent pain impulses. Some 
impulses from this region, passing over to the spino-thalamic 
tract, would reach the cortex and find expression as conscious 
pain, while other impulses, ascending and descending within it, 
would produce pain reflexes. In their studies on the vasomotor 
reflex arcs, Ranson and Billingsley also showed that both 
pressor and depressor reflexes can be transmitted by the unmye- 
linated fibres but that their intraspinal tracts are differentiated. 
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Hinsey and Gasser (1930) found that the thinnest fibres 
conduct the antidromic vasodilation, released at the periphery 
by stimulation of the peripheral end of the cut posterior foot 
(Stricker, 1876) and that these fibres were responsible for the 
C wavei of the electroneurogram. Not until the histological inves- 
tigations by Duncan (1934) could it be definitely stated that the 
C wave is caused by the whole of the unmyelinated fibre group 
and by that alone. 

Bishop et al. (1933) and Heinbecker et al. (1933) in experi- 
ments comparing the electroneurogram with the effect of stimula- 
tion, could not at first observe any further nociceptive reaction 
when the stimulation reached the strength at which the C wave 
was also excited. However, Clark, Hughes and Gasser (1935) 
showed that the unmyelinated fibres of the dorsal roots principally 
conduct pain impulses. Their conclusions were then confirmed by 
Bishop and Heinbecker (1935), Zotterman (1936, 1939), Ger- 
NANDT and Zotterman (1946). 

Nociceptive impulses are not only conducted by the unmye- 
linated C fibres. Heinbecker, Bishop and O’Leary (1933) found, 
on exciting a peripheral nerve of a lightly anaesthetised animal 
under oscillographic control with shocks progressively increasing 
in strength, that the nociceptive reflexes became fully developed 
when the fibres of the 8 group were also excited. Various obser- 
vations by PiERON (1930), Adrian (1931), Hogg (1935) indicate 
that sensations of pain may be conducted by thin myelinated 
nerve fibres. Tbis has also been shown by Zotterman in the 
works mentioned (see also Zotterman 1941 and Bishop 1946). 
According to Sjoqvist (1938) pain impulses are probably 
conducted by the thin myelinated fibres in the trigeminal 
nerve of man. Gasser (1943) has reviewed the relevant 
literature and in his summary of the results states, that the 
fibres belonging to different modalities must be Avidely distri- 
buted throughout the various fibre sizes and that there seems to 
be little possibility of associating any one sensation with merely 
one elevation of the electroneurogram; he states further that it 

1 Terminology according to Erlancer and Gasser (1937). 
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seems to be definitely established that pain impulses are carried 
in both the myelinated and unmyelinated fibres. 

However, nobody has been prepared to take up the standpoint 
that typical nociceptive reflexes can be conducted by the thicker 
myelinated fibres. Not until the shocks in electrical stimulation 
have been made sufficiently strong for the thirmest afferent 
myelinated fibres to become excited, have these reactions occurred 
and they have markedly increased in strength when, upon further 
increasing stimulus strength, the unmyelinated fibres also have 
become involved. 
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AUTHOR’S INVESTIGATIONS 


Technique and Procedure 

The experiments have heen carried out on adult cats and rab- 
bits. Most cats were decerebrated under ether after ligation of 
the carotid arteries. Two hours were allowed for removal of the 
narcotic before the experiments were begun. Some cats were 
given chloralose intravenously in doses of O.05 — O.oe gAg* In some 
experiments cats were used which had recieved O.35 — O.5 ml Dial 
CibaAg- The rabbits were all anaesthetized with O.4 — O.5 mlAg 
Dial Ciba given intravenously. 

The blood pressure was measured in the carotid artery, some- 
times in the femoral artery, by means of an Hg-manometer writ- 
ing on smoked paper. In some experiments when it was desired to 
record the heart frequency a rubber membrane manometer 
(Hurtle) was used. For optical recording of the blood pressure 
a manometer of the latter type was used. The writing lever was 
exchanged for a coil moving with the changes in pressure relative 
to another fixed coil. One coil was fed with a high frequency 
current (10,000 c.p.s.) the other connected to an amplifier and 
a cathode ray oscillograph for recording of the blood pressure 
on a moving film. This system was calibrated by means of an 
Hg-manometer. 

Muscle contractions were only recorded optically. The two 
coils were shifted to a torsion-wire myograph and the system 
calibrated by loading the myograph with weights. 

Respiration was qualitatively recorded on smoked paper by 
means of a little respirometer connected to one branch of the 
tracheal cannula. 

The local changes in the temperature of the nerve were set up 
by means of a thermode, a small lacquered metal container with 
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a cro88-eeclion like a shallow U forming a deep narrow groove 
for ihe nerve. Thermodes of different lengths, 2.5, 2.o and l.o cm, 
have been used but unless otherwise mentioned the 1 cm ther- 
motlc was the one employed. The temperature of the thermode 
was regulated by means of circulating water from 2 large con- 
tainers one filled with hot water the other with ice water. The 
temperature was measured by means of a thermocouple, the 
warm junction of which was attached to the thermode the cold 
junction being immersed in ice water. The temperature was then 
read on the scale of a Cambridge spot galvanometer of short 
period. When recording on smoked paper the investigator indi- 
cated by means of a signal when the temperature changes started, 
passed certain valvics and stopped. The temperature cxirves were 
drawn from these markings as seen in the figures, e.g. fig. 1. The 
thermocouple coidd also be connected to a ’’Multiflcx” mirror 
galvanometer (period 1 sec.) reflecting two lights beams to the 
film, one of them for the lo%ver temperatures the other for the 
upper range of temperatures (sec e.g. fig. 7). 
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The nociceptive reflex to 
thermostimulation 


If a thermode on tlie intact sciatic nerve of a decerebrated cat 
is warmed a strong nociceptive reflex is produced. This agrees 
with Grutzner’s result (see Historical section). The animal 
responds as to severe pain. Flexor contraction occurs in the 
ipsilateral leg and extensor contraction in the opposite one. The 
body bends ventrally and the head is pulled back towards the 
trunk. At the maximum of the effect micturition is quite com- 
mon. Even other involuntary reactions are observable. The moti- 
lity of the gastric ventricle changes. Both contraction as well as 
relaxation have been noted. On animals anaesthetized with Dial 
or chloralose a dilatation of the pupils has been observed. Those 
animals which have received Dial do not show much of the 
general motor activity, but those on chloralose respond as the 
decerebrated ones. 

The breathing is greatly affected, but the effects vary from 
animal to animal. As a rule the amplitude is decreased, even 
do^vn to apnea; tlie frequency eitlier increases or sloAVS doAvn. 
The blood pressure, measured in the carotid artery, rises steeply. 
The increase can sometimes be greater than 150 mm Hg (fig. 1). 
In most cases the increase is between 60 and 70 mm Hg. Since 
prior to decerebration both carotid arteries have been ligated 
the damping effects of the baro-receptors in the carotid sinus is 
lacking. Cats anaesthetized with Dial sometimes respond with a 
decrease in blood pressure to such temperature stimuli as produce 
pressor effects in decerebrated ones, those anaesthetized with 
chloralose generally give pressor reactions. Rabbits under Dial 
regularly give depressor reflexes both to temperature stimuli, 
high frequency electrical stimulation, as well as to nociceptive 
stimuli of the skin such as hard pinching with an artery forceps. 

Curare, administered intravenously in a dose which produced 
complete paralysis of the breathing muscles, did not change the 
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Fig. 1. Cat, tlcccrelirnlf.d. Lower trncinp: blood pressure (imn Up). Upper 
tracing: respiration. Tbcrniode on the intact sciatie. Dotted line; temperature 
of the tlicrmode (Centiprades). Time in 30 see. 


involuntary reflexes. Therefore the vegetative reactions can not 
he secondary to the somatic motor activity. 

Cooling the ihermodc on the unsevered sciatic nerve to a tem- 
perature approaching l.S° hardly ever succeeded in eliciting the 
nociceptive reflex. Only in 1 of 44 decerebrated cats did local 
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Fig. 2. Cat, decerebrated. Blood pressure (min Hg). Dotted line: temperature 
of the thermode. Thermode on the intact sciatic. Time in 30 sec. Note, an 
unusual effect of cooling. 


cooling produce a vasomotor effect, a minor increase in blood 
pressure of 20 mm Hg (fig. 2). However, in cats on Dial, vaso- 
motor and respiratory reactions are not so seldom, elicited by 
local cooling of tbe sciatic nerve. These preparations gave either 
pressor or depressor reflexes. Rabbits on Dial responded to warm- 
ing of the sciatic with depressor reflexes alone. It was unusual 
for cooling to produce any vasomotor reflexes in these prepa- 
rations. 

Fig. 3 shows the effect on the blood pressure of local warming 
of the unsevered sciatic nerve of a cat for different gradients of 
temperature and for different stimulus durations. In A the ther- 
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Fig. 3. Cal, decerebrated. Blood pressure (mm Hg). Dotted line: thermode 
temperature. Thermode on the intact sciatic. Time in 10 sec. For full 
explanation sec text. 


mode temperature rises from 36° to 46° in 30 sec. while in B the 
same temperature increase occurs in 10 sec. The increase in blood 
pressure starts at practically the same temperature in A and B. 
The latent period between the instant at which the impulse dis- 
charge is set up and tliat of the increase in tlie blood pressure is 
roughly shown in fig. 12. Working with electrical stimulation 
Bernhard and Skoclund (1942) found a latent period of a few 
seconds which agrees tvell with that in fig. 12. If this latent 
period be included in the comparison between A and B in fig. 3 
the impulse generation can be assumed to occur at a few degrees 
lower temperature in B than in A. As appears from several such 
comparisons the temperature gradient is therefore probably of 
importance for the liminal temperature of a blood pressure 
response. The liminal temperature will be defined as tlie thermode 
temperature at that instant when the blood pressure reflex begins. 
This threshold temperature is also dependent upon the tempera- 
ture of that portion of the nerve, which is just outside tlie ther- 
mode. Now tlie sciatic nerve is well protected from cooling even 
when it lies in the thermode so that in this case the liminal tempe- 
rature would remain reasonably constant even if the animal itself 
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were surrounded by air at average room temperature. But actually 
its body temperature was maintained practically constant by a set 
of electric bulbs below the operation table. In experiments, 
carried out under average room temperature, with other nerves 
which could not be equally well protected from loss of heat, tlie 
liminal temperature sank 1° to 3° during 2 to 4 hours. On the 
other hand, when the animal was placed in a box at a constant 
temperature of 37° (saturated humidity) the liminal temperature 
also remained constant during the whole experiment’. The liminal 
temperature varied individually. Of the 59 animals on which I 
studied blood pressure reactions elicited from somatic peripheral 
nerves there were only 6 cases in which in the beginning of 
the experiment the liminal temperature was higher than 45°. 
In 43 cases this temperature has been between 42° and 44°, 
and in 6 cases between 40° and 42°. Cats and rabbits have behaved 
similarly in this respect. 

A comparison of a 2.5 cm and a l.o cm thermode showed no 
difference in the liminal temperatures or of the character of the 
responses. 

Severing the nerve distal to the thermod (sufficiently far distal 
to prevent thermal stimulation of the cut end) did not change 
the responses, nor could any vasomotor reflexes be elicited from 
the peripheral end. 

The complex pseudo-affective reflex pattern (Woodworth and 
Sherrington, 1904) elicited by local heating of the unsevered 
sciatic nerve does not digress in character or range from those 
reactions elicited by relatively high frequency of electrical sti- 
mulation of the same nerve (Ranson, 1921, Ashkenaz, 1939, 
Bernhard and Skoglund,.1942 and others). It is concluded (see 
Historical section) that the fibres which mediate the nociceptive 
reflexes belong to the the 6 group and the C class. Local heating 
of the sciatic nerve is, therefore, capable of eliciting impulses 
in those afferent fibres which belong to the thinnest myelinated 
or immyelinated fibre groups. On the other hand, local cooling 
of this nerve (one exception) had no stimulating effect on these 
fibres. 
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Fig. 4. Cat, decerebrated. .Blood pressure (inin Hg). Doited line; temperature 
of the termode. A, before and B, 30 min after intravenous administration of 
0.1 mg/kg Gyncrgen. Thermal stimulation supramaximal. Time in 30 sec. 

Effect of ergotamin 

Rothlin (1923) demonstrated that small doses of ergotamin 
abolished the effect of stimulating the depressor nerve of the 
rahbit. Wright (1930) confirmed this (cat) and showed further 
that ergot in small doses lengthened the latent period of the 
pressor reflex to strong faradic stimulation of the peroneal nerve. 
He assumed a central inhibition. 

U. S. V. Euler and Schmiterlow (1944) showed tliat ergotamin 
tartrate in small doses (O.i mg/kg) abolishes the baroceptor 
reflexes from the carotid sinus. They also showed that tlie effect 
must be of central origin since changes in the pressure in the 
carotid sinus elicited changes in the impulse pattern from 
Hering’s nerve. 

The effect of ergotamin was studied on the pressor reflexes 
elicited hy heating of the sciatic in 7 decerebrated cats. The 
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pressor reflexes were compared before and 30 min. after the 
intravenous administration of O.i — O .2 mg/kg ergotamin tartrate.i 
Except in two cases when the average blood pressure had dropped 
during 30 min. to about 70 mm Hg, the pressor reflexes before 
and after the administration of ergotamin were practically equal 
(fig. 4). Thus ergotamin in these small doses did not affect these 
nociceptive pressor reflexes, indicating the possibility that this 
substance has a very selective effect upon the vasomotor centre. 

However, Gernandt and Zotterman (1946) came to the conclu- 
sion that the effect of ergotamin even in these small doses partly 
is to be refferred to the periphery on the efferent side. 


1 Sandoz A.-G., Bosel, kindly supplied me with "Gynergen”. 
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Thermostimulation and fibre size 


Muscle nerves. 

According to Ranson and Davenport (1931) the ratio between 
unmyelinated and myelinated fibres in tlie sympatectomized 
nerve to the vastus medialis is O .4 to 1, O’Leary, Heinbecker and 
Bishop (1934) give this ratio as O .25 to 1. Eccles and Sher- 
rington (1930) found the ratio between afferent and efferent 
myelinated fibres to be about 1:1. This indicates that the ratio 
between unmyelinated and myelinated afferent fibres is between 
0.5 and 0.8 to 1. (This ratio in the purely sensory saphenous nerve 
[after sympatectomy] has been found by Ranson and Davenport, 
in 2 cases, to be 3.o and 3.7 to 1.) However, nociceptive impulses 
are also conducted in the thinner myelinated fibres of the 8 group, 
as sbo^vn by O’Leary, Heinbecker and Bishop (1934). This 
group, according to Eccles and Sherrington, represents about 
25 % of the afferent myelinated fibres (see fig. 5). Thus 
nearly half the total number of afferent (myelinated and unmye- 
linated) fibres could be responsible for nociceptive reflexes eli- 
cited by stimulation of a muscle nerve. 

The effect of thermal stimulation of muscle nerves has been 
studied in 13 animals. 

In fig. 6 (B) is sbo^vn the effect on the blood pressure of 
local beating of the unsevered branch to the vastus medialis of 
the femoral nerve. A definite pressor response is produced. This 
effect is, however, decidedly smaller than that which is elicited 
from the saphenous nerve (A) and from the femoral nerve (C). 
In all cases supramaximal temperature stimulation has been 
used and the temperature gradient has been practically the same. 
In fig. 11 (C) is shown the effect of local heating of the nerve 
to the medial head of the gastrocnemius muscle. In comparison 
with a similar response to heating of the sciatic and post, femoral 
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Fig. 5. Diagram of the calibre spectra of the ’’demotored” nerve of gastroc. 

med., consisting of 242 afferent fibres ( ) and of a dorsal, digital 

nerve at its proximal end, sampled by 200 fibres ( ). From Eccles 

and Sherrington, Proc. Roy. Soc., London, s.B. 106, 326, 1930. 


cutaneous nerves (A and B) the effect from the muscle nerve 
is small. “This results are typical. 

Local cooling, down to about 15°, of an intact muscle nerve 
has never elicited any blood pressure reflex. 

In order to study the efferent fibres the tendon of the gastroc- 
nemius was attached to a myograph, which recorded isometrically 
in the manner described on p. 14. The thermode was placed on 
the nerve to the medial head of the muscle, care being taken to 
avoid that the muscle itself was stimulated directly by the tem- 
perature changes. The dorsal roots Lg — S 2 and the ventral roots 
L 7 — were cut. The peripheral end of one of the cut ventral 
roots (L 7 or Sj) was divided into filament strands from which 
the impulses were picked up by silver pin electrodes leading to 
a capacity coupled amplifier and a cathode ray oscillograph 
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Tip. 6. Cat, (Icrcrclirnted. IJlood pressure («nm Up). Dotted line; The.ntiodc 
lemperaliire. Tlierniode on (A) tlie intact saplienons nerx'c, (ID the intact 
ncr\e to vnstiis nicdinlis, (C) the intact femoral nerve. Carh stimulus 
supramaximal. Time, in 30 see. 


with a sweep circuit. The frequency of the sweep was penerally 
1 per 1.2 sec. Tlic action potentials were recorded on the same film 
as the thermode temperature and the myogram (sec Technique 
and Procedure). 

Fig. 7 gives an example of such an experiment. (B) illustrates 
the muscle tension and spontaneous activity in a ventral filament 
of Si at a temperature slowly falling from ST.t® to 34.s®; in (A) 
the temperature has been raised to 46.8°. Heating is seen not to 
cause any change whatever nor is there activity in the ventral 
root. That intact fibres in tins filament actually passed to the 
medial head of the gastrocnemic muscle was repeatedly checked 
by electrical stimulation peripheral to the thermode. On cooling, 
the muscle contracted more and more and at the same time a 
discharge appeared in the ventral root filament. (C) shows a 
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Fig. 7. Cat, decerebrated. Thermode on the intact nerve to the medial head 
of the gastroc. muscle. Simultaneous records of impulse activity in ventral 
root filament on vertical sweep, thermode temperature on the two parallel 
thin lines and tension of gastroc. (thick line) A. Thermode temperature 
at about 47°. Calibration of the lower temperature line (the uppermost thin 
one). Muscle tension uninfluenced as is shown by comparison with B. In B 
the temperature slowly falls from 37.4° to 34.8°. C. during cooling 18^:° to 
16.4°). Calibration of tension which now is increased to about 900 g. D. 
temperature rising from minimum, 14.o°, to 30.6°, muscle tension falling back 
to normal while impulse activity subsides. Calibration of the upper tempe- 
rature line. Sweep frequency 1 per l.s sec. Sweep time 50 msec. To be read 
from right to left. 


part of the response during cooling. The thernyode temperature 
fell from 18.5° to 16.4°. Finally in (D), the thermode temperature 
is 14.0° and rises once more. The excitatory effects disappear. 
This response to local cooling of a muscle nerve is typical and 
repeatable. 

The motor efferent fibres are thick myelinated A fibres. These 
responded to cooling hut never to local heating. In this labora- 
tory Leksell (1945) has shown that the thin myelinated efferent 
fibres to muscles do not elicit measurable contractions. 

Granit and Lundberg (1947) have more closely studied cold 
and heat stimulation of afferent and efferent fibres in muscle 
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nerves and found that an ipsilateral flexor reflex and a crossed 
extensor reflex are easily produced by beating while proprio- 
ceptive large fibre reflexes can be elicited by cooling. Their 
work should be consulted for details. 


Sensory nervxs. 

Ranson and DAVENPonx (1931) calculated tlic ratio between 
unmyelinated and myelinated fibres in the saphenous nerve of 
the cat and found this to be 3.5 — 3.7 to 1. They found a similar 
figure for other sensory nerves supplying skin areas which did 
not possess a high tactile sensitivity. The thin myelinated 6 fibres 
constitute approximately 1/3 of the total number of myelinated 
fibres. The total number of myelinated fibres in the saphenous 
nerve of the cat its about 2,200 (Douglass, Davenport, Hein- 
BECKER and Bishop, 1934, Gasser and Grundfest, 1939) (see 
fig. 8). From these findings tlie number of unmyelinated fibres 
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Fig. 9. Rabbit, Dial. Blood pressure (mm Hg). Dotted line: temperature of 
the therinode. Thermode on (A) the intact saphenous nerve, (B) the intact 
sural nerve and (C) the intact sciatic. Each stimulus supramaximal. Time 
in 30 sec. 


in this nerve is calculated to be about 8,000 and the 8 fibres 
about 700. 

Among nerves distributed entirely to the skin, three, the 
saphenous, the sural and the posterior femoral cutaneous nerves, 
have been studied with respect to the effect on the blood pressure 
elicited by heating and cooling. These experiments have been 
made on 24 decerebrated cats and rabbits anaesthetized with 
Dial, mostly on unsevered nerves. A sufficiently long section of 
the nerve was prepared so that it could be placed in the thermode 
without stretching. About half of these experiments have been 
carried out with the animal placed in a box at a constant tem- 
perature of 36° arid saturated humidity. 

The sural nerve was freed in the popliteal space and the tber- 
mode well insulated from the surrounding nerves and other 
tissues. Controls with the thermode in the same position but with 
the nerve removed showed that this insulation was entirely satis- 
factory. Local heating of this nerve (in the decerebrated cat) has 
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Fig. 10. Cnt, (Icccrchralcd. Hlood pressure (luni lip). Dolled line: leinperaltirc 
of llic llicrinode. A, lienlinp tlic inlnct saphenous nerve (supramaximal slimulu- 
tion). IJ, intravenous injection of 5 7 adrenaline. C, licalinp tlic intact sciatic 
(supramaximal stimulation). D, tight ligation of the same nerve. Time in 
30 see. 


regularly elicited strong nociceptive reflexes tvilli a considerable 
increase in blood pressure. On the rabbits (see fig. 9) anaesthe- 
tized with Dial, as previously stated, only small motor responses 
were observed and, as in the heating of the sciatic nerve, a depres- 
sor effect was obtained. In fig. 10 (A) is shown the effect of 
local beating of the saphenous and in (C) of the sciatic nerve in a 
decerebrated cat. The response from the sural nerve is only 
insignificantly less than that from the sciatic. 

The posterior femoral cutaneous nerve is long and thin, and 
emerges from the sciatic nerve immediately distal to the branch- 
ing of the hamstring nerve. When the tbermode is placed on this 
nerve it must be insulated with cotton from the sciatic ncn'c to 
avoid stimulation of the latter. Controls were made to show that 
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Fig. 11. Cat, decerebrated. Blood pressure (mm Hg). Dotted line: thermode 
temperature. Thermode on (A) the intact sciatic, (B) the intact post, femoral 
cutaneous nerve and (C) the intact nerve to the medial head of gastroc. 
muscle. Each stimulus supramaximal. Time in 30 sec. 


this did not occur. Fig. 11 shows a comparison between tlie effects 
elicited by local heating from the posterior cutaneous femoral 
nerve and the sciatic. Here too one is impressed by the small 
difference in the pressor effects. 

In fig. 6 the pressor effects of heating tlie saphenous and 
femoral nerves of a decerebrated cat are compared, in fig. 10 
those of the saphenous and the sciatic. From these comparisons 
it appears that a pressor effect elicited by the supramaximal 
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heating of the saphenous nerve is very nearly equivalent to a 
corresponding effect from a nerve containing a much greater 
number of fibres. From figs. 6, 11, and 15 it appears also, as 
previously mentioned, tliat there is a very great difference bet- 
ween the effects elicited from sensory and muscle nerves, to the 
advantage of tlie sensory nerves. In several experiments the nerve 
was crushed (fig. 10). This elicited a pressor effect equivalent 
to tliat evoked by heat. 

From these comparisons it appears that there is a great deal 
of central overlap to a nociceptive stimulation wdth consequent 
occlusion. A relatively limited number of fibres heated sets up 
maximal pressor effects. 

Local cooling has in no case had any vasomotor effect whatso- 
ever. In tliose cases ivhere the respiration too ivas recorded, no 
respiratory reflex could be obtained from local cooling of a 
sensory nerve in a decerebrated cat. However, on rabbits anaestlie- 
tized with Dial a local cooling of a sensory nerve and also of 
the sciatic nerve has sometimes elicited changes in respiration, 
usually consisting of an inspiratory suppression and an increase 
in frequency. Since strong mechanical stimuli and maximal heat- 
ing elicit equivalent pressor effects, warmtli seems to excite most 
of the fibres ivhich conduct afferent nociceptive impulses. The 
greater part of these fibres are, as has been demonstrated, unmye- 
linated. Whetlier in addition groups of thin myelinated ”pain” 
conducting fibres in tliese nerves are also excited or not, is im- 
possible to determine on the basis of tliese experiments. 


Action currents in sensory nerves in response to 
thermostimulation. 

The action potentials in thin branches of sensory nerves were 
recorded in a series of experiments on thermostimulation. In 
most cases the blood pressure was registered simultaneously. 

Technique. 14 cats, most of them decerebrated, a few anaesthe- 
tized with chloralose (O.os — O.oo g. per kg. body weight), were 
used in tliese experiments. Thin branches of the saphenous and 
the sural nerves were used. They were layed free for a length of 
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Fig. 12. Cat, decerebrated. Records from a thin branch of the saphenous nerve. 
A, calibration to 30 (aV. B, light touch of the skin. C, simultaneous records 
of impulse activity (vertical sweep), thermode temperature (line, 'interrupted 
every sec.) and blood pressure (lowest tracing). On first application of heat 
the animal has moved a little and thrown out amplifier condensers. Later the 
heat impulses clearly visible. To be read from right to left. Sweep time 25 msec. 


about 3 cm hut were otherwise intact. All stretching and pinching 
of the nerve was carefully avoided, and it was kept moist with 
Ringer solution at body temperature. All these experiments were 
performed witli the animal kept in a shielded, moist chamber at 
an average temperature of 36°., Silver-silverchloride, sometimes 
polished silver electrodes were used. The action potentials were 
led off to the cathode ray oscillograph to be recorded by the 
sweep at a frequency of 2.4/1 sec. The tliermode was placed on 
the main stem of the nerve, isolated from the tissues. The leg 
was fastened ivith drills in order to prevent reflex movements. 
Temperature and blood pressure were recorded on the same film 
(fig. 12) (see Technique and Procedure). 

In intact branches of sensory nerves there is usually a scat- 
tered spontaneous discharge of large single spike potentials, 
which are believed to originate from large myelinated fibres, 
and smaller, obviously more slowly transmitted potentials which 
have a tendency to group themselves into waves. The latter are 
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Fig. 13. Cal, decerebrated. Records (to be read upwards) from a thin branch 
of the sural nerve. Thermode on the main stem of the same nerve. A, 
spontaneous activity at a thermode temperature of about 37°. Calibration to 
30 |xV in uppermost record. B, touching the skin. Bursts of large, medium and 
small spike potentials. C, heating the nerve. Marked increase of the small, 
slowly conducted potentials grouped together in waves. Sweep time 50 msec. 
Sweep frequency. 2.4 per 1 sec. 
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Fig. 14. Cat, decerebrated. Records (to be read upwards) from a thin branch 
of the saphenous nerve. Thermode on the main stem of the same nerve; A, 
spontaneous activity at a thermode temperature of about 37°. Calibration to 
30 pV in uppermost record. B, heating the nerve. Marked increase of the 
small, slowly conducted potentials grouped together in waves. C, thermode 
temperature falling from 30° to 19°. Larger, not separated spike potentials 
appear at about 26°. Sweep time 25 msec. Sweep frequency 2.4 per 1 sec. 




believed to originate from the slowest section of tlie 8 group and 
from fibres belonging to tine C class (ZOTTERMAN, 1933, 1936, 
1939). 

When the hairs on the skin area to which the nerve branch is 
distributed are touched lightly a discharge of large spike poten- 
tials occurs and even the smaller potentials increase in frequency 
(figs. 12 and 13), as pointed out by Zotterman (1939) in a 
valuable analysis of touch, pain and tickling. 

If tire thermode is heated, small potentials occur which seem 
to interfere rather much ■\vith each other and create irregular 
waves, in the manner described as typical for the slowest con- 
ducted potentials deriving from the thinnest fibres in the 8 group 
and from the C fibres. The large spike potentials have not 
increased in number (figs. 12, 13, and 14). A few seconds after 
the first appearance of these potential waves the blood pressure 
begins to rise (fig. 12). 

If, instead, the thermode is rapidly cooled the large spike 
potentials increase greatly in number. If the nerve branch is not 
sufficiently thin (fig. 14) it can not be determined whether, the 
small spike potentials increase in frequency or not in response to 
cooling, but in no such case was the discharge to cooling followed 
by any blood pressure rise. 

In one case, when the nerve was severed central to the ther- 
mode, it was observed that a spontaneous discharge of large spike 
potentials disappeared on stimulation by heat but reappeared 
upon return to normal temperature and increased on cooling. 


Phrenic nerve. 

In fig. 15 (A) is shown the pressor effect produced by local 
heating of tlie intact phrenic nerve of a decerebrated cat. In the 
6 experimehts where this nerve has been studied such pressor 
effects have all been somewhat smaller and varied between 10 
and 18 mm Hg. (B) in the same figure shows the pressor effect 
to heating the nerve to the medial head of the gastrocnemic 
muscle of the same animal. This effect is much greater than that 
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Fig. 15. Cat, decerebrated. Blood pressure (mm Hg). Doited line: thermode 
temperature. Thermode on (A) the intact phrenic nerve in the neck, (B) the 
intact nerve to the medial head of gastroc. muscle and (C) the intact sural 
nerve. Each stimulus supramaximal. Time in 10 sec. 


from the phrenic nerve. In 2 cases a hard pinching of the nerve 
tvith an artery forceps resulted in a pressor effect of 15 respecti- 
vely 18 mm Hg. that is equivalent to the effects of heat stimu- 
lation. 

Gasser and Erlaa'ger (1927) came to the conclusion that the 
phrenic nerve is lacking in the smaller variety of the A-class 
fibres. Douglass, Davenport, Heinbecker and Bishop (1934) 
fotmd that the phrenic nerve of the cat contains a very small 
number of unmyelinated fibres (7 unmyelinated of 755 myeli- 
nated). They could not show any C wave in the action potential 
from this nerve. Gernandt (1946) recorded impulses from thin 
filaments of the peripheral end of the phrenic nerve of cats and 
excited the abdominal surface with different noxious stimuli such 
as, pinching, heat above 40° and chemicals. He never obtained any 
C potentials, only small potentials. There are a large number 
of papers by different authors dealing with the conduction of 
pain impulses in the phrenic nerve of man (Felix, 1922, Morley, 
1931, WooLHARD, Roberts and Carmichael, 1932, and others). 
Nociceptive reflexes elicited from the central end of the severed 
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phrenic nerve have also been studied amonf'st others by CyiitENE 
(1935), Thornton (1937), Little and McSivinev (1938), Hinsey 
and Phillips (1940) and Guandjean (1943). 

Hinsey, Hare and Phillips (1939) showed by means of 
degeneration experiments that the afferent fibres constitute 
about 10 % of the total number of myelinated fibres in the 
phrenic. In 2 of 3 nerves they found that the relation between the 
unmyelinated, and myelinated afferent fibres was 3 to 1 while 
this ratio in the third nerve was 1 to 1. One of these nerves had 
been studied by Guundfest with respect to its action potentials. 
He found that the most rapid fibres had a conduction velocity 
of 63 m/sec., and that there was a slow wave, made up of 
potentials from fibres in which the conduction velocity was 
about 20 m/sec. He found no C spike. These statements by GitUNn- 
FEST support the electro-physiological data obtained by Douglass, 
Davenport, Heinrecker and Bishop on the phrenic nerv'c of the 
cat. Ono (1934) gives the relation between unmyelinated and 
myelinated fibres in the phrenic nerve as O.is to 1, and Tatesi 
(1939) as 0.2". to 1. However, these authors have not, as the others, 
calculated this ratio after degeneration of the unmyelinated 
sympathetic fibres. The total number of myelinated fibres is 
estimated by the different authors to be between 600 and 800. 
It is thus possible to estimate rouglily the number of fibres ■which 
can conduct nociceptive impulses to about 150 — 300. This is 
about 1/3 — 2/3 the number to be expected in the nerves to the 
vastus medialis and to the medial head of the gastrocnemius 
muscle. A comparison between A and B in figure 15 sIioavs 
roughly such a ratio between the pressor affects from the phrenic 
and medial gastrocnemic nerve. 


Recurrent ner\’e. 

This nerve carries motor fibres to the larynx and sensory 
fibres to the oesophagus and the trachea and also includes a 
bundle of sympathetic fibres. Molhant (1910) and Chase and 
Ranson (1914) have come to the same result through histological 
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studies of the recurrent nerve. The nerve as it enters the larynx 
is made up entirely of large myelinated fibres. At its origin this 
nerve is composed of 2 quite sharply defined areas: one contains 
the bundle of large myelinated fibres mentioned above, the 
other contains small and . medium-sized myelinated fibres. 
The latter are distributed in the cardiac, oesophagal and tracheal 
branches. There is also a third section formed of sympathetic 
unmyelinated fibres. Their experiments were carried out mainly 
on dogs but some also on cats and rabbits. Tomonaga (1939) 
found that in cats a group of small myelinated fibres continue 
to the larynx. Electrical stimulation of the recurrent nerve 
(Bechterew, 1908 and others) produces a retardation of the 
breathing. 

Local heating of the recurrent nerve as close to the entrance 
into the larynx as possible has only in a few cases elicited any 
vasomotor reaction, and in these cases the reaction has been 
very small. However, if the thermode was placed as near as 
possible to the exit of the nerve from the thorax a small vaso- 
motor reaction was regularly elicited, usually an insignificant 
pressor effect of 6 — 12 mm Hg. In one case crushing of the nerve 
elicited a pressor effect of 12 mm Hg. Local heating had in this 
case produced the same pressor effect. In 2 experiments a 
depressor effect of 18 mm Hg. was obtained by local heating of 
the recurrent nerve at this level. Local cooling near the entrance 
into the larynx never gave any vasomotor reaction but at a more 
proximal position small depressor effects could sometimes be 
obtained. Both heating and cooling at the proximal level of the 
recurrent nerve elicit respiratory reactions such as a reduction 
in frequency and amplitude. Effects from cooling have occured 
at a thermode temperature between 25° and 20°. Effects of local 
cooling on the respiration have been followed in some cases by 
a similar small effect appearing immediately after the temper- 
ature has begun to return to the normal. This is probably not a 
true heat effect (cf. p. 41), because it occurs already at thermode 
temperatures between 15° and 20°. Moreover it does not have the 
characteristics of a heat effect. It is, for instance, never followed 
by any vasomotor reaction. More pronounced ’’off” effects could 
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Fip. 16. Diagram of caliUrc spcclra <lrawn from Uvo figures of Tomonaca, 
1939 (ordinate: numher of fibres, absciss; calil)rc in (il. 


be elicited by cooling of the superior laryngeal nerve (see below). 
Granit and Lundrerg (1947) have also described sucb ’’off” 
effects due to removal of tbe cold stimulus in large fibres. 


Superior laryngeal nerve. 

Tbis nerve emerges from tbe lower pole of tbe nodose ganglion 
of the vagus nerve, and carries motor fibres to tbe crico-thyroid 
muscle in tbe larynx and sensory fibres from tbe laryngeal 
mucosa, it also carries sympathetic fibres from the superior 
cervical ganglion. Tbis nerve has been studied bistologically by 
Chase and Ranson (1914). They fotind that it contains large, 
medium and small myelinated fibres, tbe small and medium 
fibres predominating, unmyelinated fibres are also present in 
large numbers. Torionaga (1939) shows that the small myelinated 
fibres are fewer in comparison with the medium-sized ones in the 
cat. The frequency maxima occur at 5 yi and 10 p, the compara- 
tive maxima for the recurrent nerve occur at 3 p and 7 p respec- 
tively (fig. 16). 

Because this nerve is only about 2 cm long particular care 
must be taken when placing the thermode on the nerve. It must 
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Fig. 17. Cat, decerebrated. Upper tracing; respiration. Lower tracing: blood 
pressure. Dotted line: therniode temperature. Thermode on the intact superior 
laryngeal nerve. A, cooling and B, heating. Time in 10 sec. 


be insulated with cotton from the main stem of the vagus nerve 
to avoid any effects of stimulation from this source, also similarly 
insulated from the larynx itself so that the nerve endings in the 
laryngeal mucosa are not influenced by the temperature changes. 
Controls were made in all cases with the thermode practically in 
the same position but with the nerve outside it. All these controls 
proved satisfactory. 

Cooling to 15° regularly gave a momentary and often complete 
depression of the breathing independent of whether the stimula- 
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tion occurecl under inspiration or expiration. In most cases this 
effect has been folloAved by a vasomotor reaction, a pressor effect 
of 10 — 20 mni Hg. As with cold stimulation of the recurrent 
nerve an ’’off” effect is obtained shortly after the temperature 
begins to rise again towards 36°. Even in tliese cases the reaction 
appears so quickly after the turning point (fig. 17) that it cannot 
be confused with a true heat effect appearing earlier because of 
the previous cooling. Besides, even in these cases the ’’off” effect 
is a typical effect of cold as is most clearly seen in fig 17. Heating 
does not in any case produce respiratory reactions of this type. 
Heating elicited in all cases a pressor effect of 15 — 30 mm Hg, 
In 2 cases heating resulted in a respiration effect similar in 
character to that from the spinal nerve, i.e. a change in frequency 
and a decrease in amplitude. After heating, the return of the 
thermode temperature (it often fell as low as 35° or 34°) always 
produced an effect on the breathing of the same type as with 
cold stimulation. It cannot tlierefore be interpreted as an ’’off” 
effect after heat excitation, but must be explained as a cold 
effect, -which, because of the previous heating, is elicited at a 
higher temperature than otherwise. Granit and Lundberg (1947) 
liave also described ’’off” effects from cold stimulation but have 
never observed ’’off” effects from heat stimulation. 

The superior laryngeal nerve is described (Bechterew, 1908) 
as the specific inhibitory nerve for the movements of respiration. 
Rulant (1942) has studied these inhibitory reflexes in the cat. 
Single shock stimuli were used and the effect in the form of 
action currents from the motor respiratory nerves was studied 
with the aid of a cathode ray oscillograph. Every shock released 
after a latent period of 6 — 8 msec, a short and for the most part 
total inhibition of the inspiratory nerves. Roger (1917) has 
shown that the inhibitory effects on respiration due to stimula- 
tion of the laryngeal mucosa are followed by marked cardiac 
and vasomotor reflexes. The different effects obtained by heating 
and cooling the superior laryngeal nerve indicates that different 
fibres are excited in the two cases. As appears from above the 
fibres are divided into 2 large main groups namely, the unmye- 
linated and the myelinated ones with a maximum at about 5 p. 
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the maximum at 10 being probably due to the motor fibres 
and the afferent fibres from the muscle spindles (see fig. 16). The 
latent .period, as found by Rulant, for the inhibitory effect of 
stimulation of the superior laryngeal nerve does not in any ^vay 
correspond to the conduction velocity for unmyelinated fibres 
which lies between O.s and 2 m/sec. This means that local cooling 
of this nerve excites the myelinated fibres with a higher conduc- 
tion velocity, while heating probably mainly excited the thinnest 
fibres with a low conduction velocity. 


Depressor nerve; 

The depressor nerve in rabbits runs separate from the vagus 
and the sympathetic trunk in the neck and first joins with the 
vagus at the branching of the superior laryngeal nerve. According 
to Heinbecker and O’Leary (1933), and Douglass, Davenport, 
Heinbecker and Bishop (1934) the depressor nerve of the rabbit 
contains afferent fibres of 6 — 3 p which give rise to a large 5 eleva- 
tion in the action potential, and in addition tmmyelinated sym- 
pathetic efferent fibres. Gernandt (1946) indicates the possibility 
of efferent vagus fibres as well as afferent spinal fibres, which 
pass the stellate ganglion and run to the posterior roots. 

U. S, V. Euler, Liljestrand and Zotterman (1941) foimd in 
the carotid sinus nerve two types of baroceptive impulses, one 
large and one small type. In view of the small number of large 
pressure impulses as compared with the small ones, they consid- 
ered the latter to be of greater importance for the sinus baro- 
ceptor reflexes. There is good reason to believe that a similar 
state of affairs prevails in the depressor nerve. 

The depressor nerve has been studied on 9 rabbits anaesthe- 
tized with Dial. It was freed in the neck, ligated and severed as 
far distally as possible. The central stump was placed in the 
thermode and protruded about 2 cm outside it, in order to prevent 
thermal stimulation at the cut end. Stimulating electrodes were 
placed on the nerve peripheral to the thermode. Precautions 
were taken to avoid the spreading of the thermal and electrical 
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Fip. 18. Rabbit, Dial. Blood pressure (nun Hp). Dotted line; tberniodc 
temperature. Tberinode and stiniulatinp electrodes on ibe central end of the 
severed, ripbt depressor nerve (the left depressor cut and both enrotides 
lipated). A, electrical stimulation, B, cooling and C, bentinp. Time in 30 sec. 


stimuli to the surrounding tissues. The nerve was continuously 
moistened with Rinper solution at hotly temperature. 

In most cases local heating of the central stump of the severed 
depressor nerve elicited a marked decrease in blood pressure 
which in many cases was equivalent to that caused by a maximal 
electrical stimulus (fig. 18). In one case no effect was obtained 
by heating whereas cooling gave a marked effect. In most cases 
an effect was obtained from both heat and cold stimuli. The 
cold effects were, however, never so marked as with maximal 
electrical stimulation. These results can be explained hypotheti- 
cally by assuming that local cooling selectively excites the larger 
fibres (corresponding to the large impulses of V. Euleii, Lilje- 
STKAND and Zotterman) and that local heating selectively excites 
the thinner ones (corresponding to the smaller spikes). Thus 
the relatively few large fibres would be excited by cold with a 
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relatively small depressor effect as result, and the relatively small 
fibres would be excited by heat with a comparatively large 
depressor effect as result. The large fibres are as a rule less sen- 
sitive to drying and stretching than the thinner fibres. This might 
explain why in one case only a cold effect and no heat effect 
was obtained. 


Discussion. 

The experiments described have shown that local heating of 
a peripheral somatic nerve elicits nociceptive reflexes with, in 
general, a marked vasomotor reaction equivalent to the one set 
up by strong mechanical stimulation of the nerve. These mechani- 
cal stimuli, tight ligation or hard pinching with an artery forceps, 
can be assumed to have been maximal for all fibres. A compar- 
ison of the thermally activated vasomotor effects in different 
large mixed and sensory nerves, has 8ho^vn that the reflex 
responses are not proportional to the number of ’’pain” fibres, 
unless this number is small as c. g. in muscle nerves. Thus, for 
maximal blood pressure responses a relatively modest number of 
small afferents seems to be sufficient. The central overlap in the 
neurone pool must therefore be considerable. A maximal stimulus 
can in the large nerve stems and in the sensory nerves elicit a 
pressor . effect equal to the effect of lieating. This means that 
the thermal stimulus has given a maximal effect, even if it has 
left out some of the fibres mediating pressor reflexes. Consider, 
for instance, the saphenous nerve. The ratio between the number 
of afferent fibres in the 6 group and those in the C class can be 
calculated (Hanson et al., see p. 27) to be about 1 to 10. In view 
of the great number of C fibres the effect of a maximal noci- 
ceptive stimulus would therefore probably be the same whether 
the 6 fibres are involved in the stimulation or not. On the other 
hand, the effect of stimulating only the 8 fibres is much less than 
tlie effect from both the 8 group and the C class, as shown by 
Clark, Hughes and Gasser (1935). 

These studies of the vasomotor reflexes elicited by local heating 
of large mixed and sensory nerves have thus shown that the 
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afferent fibres belonging to the C fibre class are excitable by 
this mode of thermostimulation and that in general no ’’pain” 
fibres, either of the C class nor of the 8 group, can be stimulated 
by local cooling. 

In muscle nerves the number of unmyelinated fibres is much 
smaller. The ratio between unmyelinated and thin myelinated 
fibres is also much lower in these nerves and can be estimated 
to be about 3 to 1, using data from Ranson et al. and from 
Eccles and Sherrington (see p. 23). As to these nerves it can 
be assumed that a stimulation of the C group alone would elicit 
a markedly smaller effect than a stimulation which includes all 
fibres conducting nociceptive impulses. Now the experiments on 
muscle nerves also showed that equivalent pressor effects were 
elicited by strong mechanical stimulation and by local heating. 
This indicates that heating can stimulate the 8 afferents as well 
as the C afferents. 

The presence of afferent 8 fibres in the phrenic nerve is well 
established both by histological and neurophysiological experi- 
ments. There is not the same certainty with regard to C fibres. 
It is doubtful whether in this nerve there are a sufficient number 
of them to elicit a recordable effect. Severe mechanical stimu- 
lation of the phrenic nerve elicited the same pressor effect as 
heating, which again supports the conclusion that local heating 
sets up impulses in the 8 fibres. 

Local cooling of a muscle nerve has been shown to produce a 
contraction of the muscle, due to stimulation of the thick myeli- 
nated motor fibres. Hence, such fibres are susceptible to cooling. 
Heating has been shown to have no motor effects. 

The results obtained from the laryngeal nerves, especially from 
the superior one, demonstrate that local cooling does not only 
excite the thick efferent fibres. The cooling of those nerves 
elicited a maximal inhibition of the respiratory movements and 
in addition a vasomotor reflex. Most kinds of stimuli applied to 
the mucosa of the larynx elicit a similar reflex (Bechterew, 1908, 
Roger, 1917 and others). The short latent period found by 
Rijlant (1942) proves this inhibitory reflex to have been in- 
itiated by impulses conducted in myelinated fibres. This, of 
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course, is in full agreement with the fact that heat could not 
elicit inhibition of the respiration but only succeded in evoking 
a pure pressor reflex. As the 10 p, group is considered mainly to 
contain efferent and afferent fibres for the crico-thyriod muscles, 
the large group of medium sized myelinated fibres (see fig. 16) 
must be regarded as responsible for the inhibitory reflex. Such 
fibres must therefore be excitable by local cooling in order to 
explain my results. Studies of the action currents in the sensory 
nerves showed conclusively that local cooling excites fibres which 
are thicker than the 6 fibres. 

From the fact that local heating is incapable of exciting the 
motor fibres Grutzner concluded that local heating differen- 
tiated between afferent and efferent fibres. However, thermo- 
stimulation of the superior laryngeal nerves and the analysis of 
the action currents in the sensory nerves showed clearly that the 
thick afferent fibres are not excited by local heating. The sensi- 
tivity of the unmyelinated and thin myelinated efferent vegeta- 
tive nerve fibres to thermic stimulation will be discussed in the 
following section of tliis paper. 

The sensitivity of the depressor nerve to both heating and 
cooling is easily explained by the fact that it contains fibres of 
different size, as pointed out above (p. 42). However, an over- 
lapping of the effects of cooling and heating in the same fibres 
cannot on the present evidence be denied. It must, however, be 
remembered that the depressor nerve has been studied on animals 
anaesthetized with Dial. In these animals, as mentioned before, 
the thinner fibres sometimes tend to respond to cooling. In this 
they differ from those of decerebrated animals. 

It is well known that cooling as well as heating of tire skin 
produces pain and vasomotor reactions (see Zotterman, 1936, 
1939, Lewis, 1942, Ekstrom, Lundgren and Schmiterlow, 1943 
and W&LF and Hardy, 1943). However, it is impossible to compare 
these results with those from stimulation of the nerve itself. Thus, 
e.g. adequate stimulation of cold receptors sets up impulses in the 
thin fibres connected to them, whereas cooling of the nerve stem 
itself has been shown to excite large fibres. 
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Thermostimulation of visceral nerves 


Anatomical. 

The visceral nerves contain vegetative efferent nerve fibres 
deriving from the cranio-sacral and the thoraco-lumhar outflow 
as well as afferent fibres of different size but with the same pro- 
perties as corresponding fibres in the somatic nerves (Bishop 
and Heinbecker, 1930, Heinbecker and O’Leary, 1933). The 
vagus contains also somatic motor fibres to the muscles in the 
larynx hut the branches of the vagus ^vhich carry these do not 
differ very much from somatic nerves and the results from them 
have already been described. A very extensive literature deals 
•with visceral sensations, afferent -visceral nerve fibres and their 
relationship to the adjoining efferent fibres as well as the origin 
of their cells (see Hinsey, 1935, Le-nvis, 1942, and ’’Pain”, 1943). 
This is not the place for a review of this literature to •which 
during 1946 Gernandt and Zotterman, DotVNMAN and McSwiney 
have contributed and, in 1947, Sjostrand and C. v. Euler. It 
shows, to sum it up briefly, that the internal organs are supplied 
witli sensory nerve endings and that impulses run from these 
structures mainly over the vagus nerve to the medulla oblongata 
and over the thoracic, splanchnic, hypogastric and pelvic nerves 
to enter the spinal cord through the posterior roots. The cell 
bodies for tliese nerve fibres probably all lie in the nodose 
ganglion respectively the posterior root ganglia and there is no 
difference in the histological and physiological properties of 
visceral and somatic sensory nerve fibres. The axons, which carry 
pain sensations and most of those which mediate vasomotor 
reflexes, are small, poorly myelinated or unmyelinated and their 
conduction velocity is slow. 

The vegetative efferent nerve fibres are thin myelinated fibres 
of the B class (Bishop and Heinbecker, 1930; tlien labelled Bg; 
by Bi at tliat time was meant the present 8) and immyelinated 
fibres of the C class, the pre-ganglionic fibres belonging prefer- 
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ably to the B class and the post-ganglionic ones preferably to the 
C class. Bishop and Heinbecicer showed also that the B elevation 
was specific for the autonomic efferents. 

According to Chase and Ranson (1914), Ranson, Foley and 
Alpert (1933) and Foley and DuBois (1937), the vagus nerve 
below tlie jugular ganglion contains, for the most part, unmye- 
linated fibres of which the majority are afferents. The last named 
authors state that the efferent fibres constitute between 20 % 
and 35 % of the total number of fibres, and that of these, between 
48 % and 71 % were myelinated, and the remainder unmye- 
linated. Of the total number of afferent fibres they estimated that 
only 10 — 20 % were myelinated. 

Heinbecicer and O’Leary (1933) showed that the efferent fibres 
to tlie heart belong both to the B and C classes. In tliat paper 
they also found that the efferent fibres to the stomach and 
intestine were all unmyelinated. They further maintained that 
the vagus nerve, at its passage through the diaphragm, almost 
exclusively contained unmyelinated fibres, confirming Chase 
and Ranson (1914), and that at this level it was a practically 
pure motor nerve. Goldberg (1931) found, however, that the 
vomiting reflex from a distended pyloric pouch was served on 
its afferent side entirely by the vagus nerve. Irving and McSwi- 
NEY (1935) used the pupil dilatation test on afferent impulses 
and stimulated the upper duodenum and pylorus by distention. 
They found that the afferent impulses were transmitted both 
by the vagus and the splanchnic nerves. 

Ranson and Billingsley (1918) have by degeneration experi- 
ments shown that the white rami, the sympathetic trunk and the 
great splanchnic nerve contain a large portion of afferent immye- 
linated fibres and also efferents of all sizes. The efferent part 
consists of small myelinated and unmyelinated fibres. Gernandt 
and ZoTTERMAN (1946) foimd that, with mechanical stimulation 
of the intestine, action potentials of 8 and C character could be 
led off from the thin perivascular nerves of the mesentery. Sjo- 
STRAND and C. V. Euler (1947) foimd that viscero-motor reflexes 
could be elicited by noxious stimuli of the intestinal wall. 

These visceral nerves thus give us a chance of comparing in 
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the same nerve the thermal sensitivities of thin afferent fibres 
and vegetative efferent fibres of approximately the same size. 
The following results contain such a comparison between, on 
the one hand, reflex vasomotor reactions due to afferent stimuli 
and, on the other, reactions due to stimulation of the efferent 
vegetative fibres. A comparison has also been made between tbe 
effects of thermal and electrical stimuli. 


Vagus nerve. 

Technique. Experiments on the vagus nerve in the thorax and 
the splanchnic nerve were carried out on 7 decerebrated cats. 
The blood pressure in tbe carotid artery was measured in the 
usual way wdth an Hg manometer or a rubber membrane mano- 
meter. To record the movements of the stomach a tube was 
introduced through a cervical oesophagotomy after ligation of 
the pylorus which was reached through a small abdominal inci- 
sion. The stomach was then washed out with warm saline and 
the tube connected to a piston recorder, the stomach and about 
balf the tube being filled with saline (BnotVN and McSwiney, 
1932). The vagus and the great splanchnic nerves were exposed 
by removal of the 4th to 12th ribs after ligation of the inter- 
costal vessels, a Starling pump being used to maintain suffi- 
cient respiration. The diaphragm was cut at the passage of the 
great splanchnic nerve. The vagus was freed just above the 
branches to the lung and, also, just above tbe diaphragm, and 
tlie great splanchnic at its passage through the diaphragm. This 
was done for a sufficiently long section so that ■without stretching 
the nerve could be placed intact in the thermode. Stimulating 
electrodes had been fastened to tbe thermode, one on each side, 
and connected to a thyratron stimulator. 

These experiments were performed in a box maintaining high 
temperature and humidity. The vagus nerve was also stimulated 
in the neck (thermally and electrically), and for this purpose 
it was freed from the cervical sympathetic trunk. The vagus 
nerve in the neck was also investigated in rabbits anaesthetized 
with Dial. In every experiment care was exercised so as to avoid 
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Fig. 19. Rabbit, Dial. Blood pressure (mm Hg). Dotted line: thcrniode 
temperature. Vagus nerve in the neck. A, electrical and B, heat stimulation 
of the peripheral end of the severed nerve. C, heat and D, electrical stimulation 
of the central end of the same nerve. Time in 30 sec. 


affecting the surrounding tissues by thermal or electrical sti- 
mulation; Regular controls were made to ensure that this did 
not occur. 

Results. If the thermode was placed on the peripheral end of 
the severed vagus nerve in the neck and then heated no change 
occured in the blood pressure. Neither did cooling produce any 
effect on the blood pressure. However, electrical stimulation 
produced the classical response, a marked decrease in blood 
pressure. If the blood pressure was recorded with an elastic 
manometer and the kymograph speeded up so that the frequency 
of the heart beats could be clearly determined, it was found 
that neitlier heating nor cooling of the peripheral end of the 
vagus ever succeeded in influencing the heart frequency. Electrical 
stimulation had the characteristic inhibitory effect. The dece- 
rebrated cats and the rabbits anaesthetized with Dial reacted 
similarly (fig. 19). 


50 


The afferent fibres of the vagus nerve in the neck were studied 
in rabbits. On these animals the vagus, for some distance, runs 
separately from the cervical sympathetic trunk and the depressor 
nerve. The effects varied for different animals hut were similar 
for each experiment. Sometimes a pure pressor effect was 
obtained by heating hut more often, a pure depressor effect. In 
some animals the effects were mixed (see fig. 19). Different 
effects were obtained with electrical stimulation depending on 
the frequency of the stimuli, and variations were also encountered 
with different animals (see McDowal, 1935). Only in one case 
a small depressor effect was obtained with cold. 

If the thermode was placed on the vagus in the thorax distal 
to the branching of the recurrent nerve and the branch to the 
heart, hut proximal to the branches to the lungs a depressor 
effect was always obtained on heating (decerebrated cat, fig 20), 
but on cooling no vasomotor reflex was evoked. Neither lieating 
nor cooling elicited any change in the motility of the stomach. 
Strong electrical stimulation at this level elicited the same vaso- 
motor reaction as heat, hut in addition a marked contraction of 
the stomach in agreement with BRO^Y^’ and McSwiney (1932). 
With thermal stimulation of the vagus nerve immediately above 
the diaphragm, a vasomotor reaction was never obtained nor 
was there any effect on the motility of the stomach. Electrical 
stimulation at this level using the same strength and frequency 
(75/sec) as before, elicited no vasomotor reaction, hut there was 
a contraction of the stomach (fig. 20). 


Great splanchnic nerve. 

Fig. 21 shows a typical example of the experiments made on 
the great splanchnic nerve. In A and B the thermode is placed 
on the intact nerve. A gives the effect of heating, a small pressor 
effect. B shows a large pressor effect elicited by a strong electrical 
stimulus with a frequency of TS/sec. In C and D the nerve is 
ligated and cut, the thermode is placed on the peripheral stump. 
C shows that no effect on the blood pressure was elicited by 
heat, while D shows that an electrical stimulus of the same 
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Fig. 21. Cat, (leci;rebrate<l. Blood pressure (iniii Hg>. Dotted lines: tberniodc 
temperature. A, thermal and B, electrical stimulation of the intact great 
splanchnic nerve. C; thermal and D, electrical stimulation of the peripheral 
end of the severed splanchnic. E, thermal and F, electrical stimulation of 
the central end of the same nerve. Sec text. Time in 10 sec. 



strength as in B, elicits very nearly the same pressor effect as 
on the intact nerve. In E and F the thermode has been moved 
to the central stump of the same nerve. Here, heat (D) and 
electrical stimulation (F) of the same frequency as in B and D, 
elicit equivalent pressor effects. In some of tliese experiments the 
motility of the stomach was also registered. Strong electrical 
stimulation with a frequency of 75/sec., caused a relaxation of 
the stomach, but in no case did thermal stimulation elicit any 
reaction of the stomach. 


Cervical sympathetic trunk. 

According to Bishop and Heinbecker (1933) the cervical 
sympathetic trunk in the rabbit consists mainly of small myelin- 
ated pre-ganglionic fibres of the B class. In addition there are 
post-ganglionic fibres from the upper cervical ganglion to the 
heart. Afferent fibres have not been demonstrated. 

Thermal and electrical stimulation of the cervical sympathetic 
trunk has been studied on 12 rabbits, with respect to the responses 
from the nictitating membrane and tlie reactions of the ear vessels. 
Technique. The cervical sympathetic trunk was freed for a suf- 
ficiently long section so that it could be placed in tlie thermode 
without stretching. In most cases the nerve ivas ligated and cut 
about 2 cm. distal to the thermode. There was, however, no 
difference in the effects obtained whether the nerve was severed 
or not. Controls were made after each experiment to show that 
none of the effects elicited were due to the spreading of the 
thermal or electrical stimulus to the surrounding tissues. 

The reactions of the blood vessels in the ear ivere recorded by 
means of a pletysmograph. The ear root was shaved and a double- 
walled glass pletysmograph was placed over the ear and sealed 
with vaseline. Changes in volume were registered with a piston 
recorder. 

In order to record the contractions of the nictitating membrane 
tbe head of the rabbit was fixed so that the membrane would 
stretch vertically upwards. The edge of the membrane was 
attached to the short end of a writing lever with a thread. In 
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Fig, 22. RnbbitT Dial. Upper tracinp: volume of the ear (increase: upward 
deflection). Middle tracing: contraction of the nictitating membrane. Lower 
tracing: blood pressure. Dotted line: ibermode temperature. Time in 10 sec. 
A, electrical and B tbermal .stimulation of ,tlje intact cervical sympatbetic. 
trunc. C, tbermal stimulation of tbe sapbenous nerve eliciting a reflex 
contraction of tbe nictitating lueiubrane. 


most cases, measurements of chanpes in car volume, contractions 
of the nictitating membrane and the blood pressure were regist- 
ered simultaneously. 

Results. Neither local healing nor cooling had any effect on the 
blood pressure, the vessels of the car or the nictitating membrane. 
Strong electrical stimulation at a frequency of 96/scc. alway.s 
evoked vaso-constriction of the vessels of the ear and contraction 
of the nictitating membrane (fig. 22). The effects on the blood 
pressure of this stimulus have been small and irregular, even 
when stimulating the peripheral end of the severed nerve. 
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The reaction of the pupils was also observed in these experi- 
ments but the alterations in the diameter were not measured or 
registered. Electrical stimulation which evoked reactions in the 
nictitating membrane and the vessels of the ear, elicited a dila- 
tation of the pupil on the same side. In none of these experi- 
ments did heat or cold cause any alteration of the pupil. 


Perivascular efferent nerves to the small intestine. 

In the above experiments, principally pre-ganglionic fibres 
have been investigated. For a study of the post-ganglionic fibres 
a smooth muscle nerve preparation described by Finkleiuaa" 
(1930) was chosen. 

Technique. The preparation consists of a strip of small intestine 
of rabbit with adherent nerves. The rabbit was killed by an 
intravenous injection of air. The abdomen was opened and a 
piece of small intestine about 5 cm. long was removed together 
with the mesenterial artery supplying it. The nerves to the 
intestine follow the arteries very closely. The artery with its 
peri-arterial nerves was freed as much as possible from the sur- 
rounding tissues. In order to record the movements, of the intest- 
inal section, the lower end w'as fastened to the bottom of a bath 
(50 ml) and the upper end to the short end of a writing lever 
by means of a vertical thread. The bath was filled with Tyrode 
solution aerated with carbogen (5 % CO 2 in oxygen, to 
maintain a constant pH). The bath was kept at a constant tem- 
perature of 37° by means of a thermo-regulator. The nerve (and 
artery) was placed in the thermode and onto stimulation elec- 
trodes, the thermode being placed between the electrodes and 
the intestinal stump. The stimulation electrodes were connected 
to a thyratron stimulator. In all, 13 smooth muscle nerve pre- 
parations were studied. 

Results. In agreement with McSwiney and Robson (1931) and 
Brown and McSwiney (1932), the electrical stimulus elicited 
only an inhibition of intestinal movement and relaxation, inde- 
pendent of tbe frequency used. In no case could any increase in 
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Fig. 23. Rabbit. Jejunum. Thcriual and eleclriral stimulation of the periarterial 
nerves. EL=clectrical stimulation (freq. 75 per sec.). At V, warming starts, 
at C, cooling starts. See text. 


intestinal movement be obtained. Inhibition and relaxation due 
to electrical stimulation of the peripheral nerves to the intestine 
depends, as McSwiney and RonsON have sho\vn, on the excitation 
of the post-ganglionic sympathetic nerve fibres. 

With thermal stimulation no effect on intestinal movement was 
ever obtained, neither by lieating to 47° nor by cooling to 10°' 
(fig. 23). 

In a few cases the nerve (and artery) was excited electrically 
during thermal stimulation. Fig. 24 shows such an experiment. 
A shows that heating to 47° had no effect, but, keeping the 
temperature at this level, electrical stimulation resulted in a 
marked inhibition and relaxation. B shows the effect of the 
electrical stimulus at a thermode temperature of 25°. The effect 
is less than in A. In C the nerve is cooled down to 15°, thereafter 
the electrical stimulus is applied. The effect is now further 
decreased. In D, the thermal temperature is 10°. Here the effect 
of the electrical stimulus is practically annulled. E gives the 
effect at a temperature of 36°. Now the effect of electrical 
stimulation is once again increased. 
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Fig. 24. Rabbit. Jejunum. Thermal and electrical stimulation of periarterial 
nerves. The thermode is placed between the stimulating electrode and the 
intestine. EL= electrical stimulation. At W, warming starts and at C, cooling 
starts. See text. 


Discussion. 

The experiments on the vagus nerve support the opinion 
(p. 48) that this nerve, in the lower thoracic region, contains 
few if any thin afferent fibres. Neither thermal nor electrical 
stimulation of the vagus elicited any vasomotor reflexes. 

The efferent fibres in the upper region of the vagus nerve 
which conduct vasomotor reflexes, have already been shown to 
he of about the same size as the efferents to the heart and the 
stomach (cf. above p. 48). The experiments demonstrate that 
the same electrical stimidus which elicited effects from both 
heart and stomach, evoked, via the afferents, vasomotor reflexes 
equivalent to those obtained by heating. But heating had no 
effect on the efferent fibres of this nerve. 

The results obtained from the great splanchnic nerve shoAvs 
the same. Stimulation of the central end of the cut nerve by 
electrical or thermal means elicited equal effects, but on stimula- 
tion of the efferent, peripheral end, the two forms of stimulation 
differed in that the thermal one Avas quite ineffective. 

The thermal inexcitability of the A'egetative motor fibres is 
further demonstrated by the experiments performed on the cer- 
vical sympathetic trunk, and on the postganglionic fibres of the 
smooth muscle-nerve preparation. Analysis of the latter pre- 
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paration also showed that local heating of these fibres did not 
block them. It will be remembered that Bremer and Titeca. 
11946), using the frog sciatic, found that heating of the whole 
nerve in a paraffin bath abolished the large fibre component of 
the electroneurogram. 

The main conclusion to be drawm from these results is that 
there is a marked and • important difference in sensitivity to 
thermal stimulation between, on the one hand, thin myelinated 
and unmyelinated afferent fibres and, on the other hand, the thin 
myelinated and unmyelinated autonomic efferent fibres, despite 
their corresponding histological properties. 

The mechanism behind this difference will be further illu- 
strated by experiments on the temperature potentials in these 
nerves. 
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Temperature potentials 


When Bek^hakd and Gkanit (1946) liad noted tliat not only 
the locally cooled but that also the similarly heated region of 
a nerve became electronegative relative to the rest of the nerve 
they suggested that these thermopotentials served as ’generator 
potentials’ for the discharge which they had recorded in response 
to heating and cooling. Now, however, we have seen that cooling 
and heating selects fibres of different size and consequently it 
has become imperative to find out whether also the heat and 
cold potentials possibly might be generated differentially in the 
fibres that responded with impulse activity to heat and cold 
respectively. 

In order to investigate this problem it was decided to try to 
obtain nerves with fibres of as homogenous size as possible. It has 
previously been stated (p. 48) that the vagus nerve, in the lower 
part of the thoracic cavity immediately above the diaphragm, is 
almost entirely composed of unmyelinated fibres; also that the 
phrenic nerve (p. 36) and the recurrent nerve (p. 37) contain but 
a very small number of the thinnest fibres whereas tlie cervical 
sympathetic trunk (p. 54) principally consists of the thinnest mye- 
linated fibres, which belong to the B class, in addition to a few 
unmyelinated fibres. The cervical sympatlietic trunk in the cat 
contains also a small number of 8 fibres (Bishop and Hein- 
BECKER, 1930, Grundfest, 1939). The vagus nerve in the neck 
consists both of thick and thin fibres, the latter in the majority. 
Here then are nerves which ^vould seem suitable for an analysis 
of the temperature potentials as functions of fibre size. These 
potentials have been measured, partly on nerves in situ and partly 
on nerves removed and kept in Tyrode solution. 

Technique. The temperature potentials of nerves in situ were 
studied in about 20 cats. The animals were decapitated under 
ether, the spinal cord being cut between C2 and C3, then given 
artificial respiration wdth a Starling pump and left to expire 
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the narcotic during 2 hours. The vagus nerve ir 


the neck and the 


cervical sympaihetic trunk were carefully aiseected from each 
other, avoiding any stretching or pincltmg. The phrenic nerve 
and the distal part of the vagus nerve were layed free m t le 
thoracic cavity opened by the removal of the fourth to ttv^elfUi 
ribs inclusively, usually on the right side. In order to avoir 
stretching when placing the vagus nerve in the tliermode it had 
to be cut at the level of the cardia. The animal was placed in 
a box of constant temperature (36®) and saturated humidity. 

Ag-AgCl electrodes witli long cotton wool wicks moistened with 
Ringer solution were used. One electrode was taken to the nerve 
in the middle of the thermode, the other one to a thermally 
indifferent point on the animal. The electrodes were connected 
to a recording instrument consisting of two push-pull coupled 
electrometer valves operating a moving coil mirror galvanometer 
with a period of 8 seconds. The mirror reflected a light beam 
onto a scale graded in 1/10 mV. With tliis system a steady base 
line was obtained. 

In these experiments it proved important to have the thermode 
electrically well insulated. This was attained by coating the silver 
thermode several times with a special enamel and drying it in 
an oven at a temperature of 300® after each coating. In this 
way a thin and very liard film with good electrical insulation 
was obtained. 

When the nerves were analyzed in tlie bath, they were removed 
from a- decapitated cat a couple of hours after the narcosis. The 
vagus nerve was dissected out from just below the nodose gang- 
lion to a point at about the level of the cardia with the recurrent 
nerve attached; practically the Avhole phrenic nerve could be 
isolated. The nerves were placed in a Tyrode hath aerated with 
carbogen (5 % COg in oxygen) so as to have a pH of 7.o. The 
temperature of the bath was kept constant at 37». The same 
temperature and saturated humidity surrounded tfie bath in the 
box where .1 was placed. During the experiment the thermode 
was placed just above the surface of the solution, one electrode 

inlrhath."'™ “ ““ ''■PP-S ■J-™ 
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Results. All measurements were begun at 37°. From tliis level 
the thermode temperature was either raised or lowered and the 
resulting potential read off. In each experiment a series of 
measurements were made at different temperatures and the 
average value of the thermo-potential for each temperature was 
calculated. The results of the different experiments were then 
combined in the diagrams sho\vn in figs. 25 — 27. During these 
experiments, it was not attempted to keep the temperature 
gradient absolutely constant; too large variations were, however, 
avoided by maintaining the containers for hot and cold water 
at approximately constant temperature and circulating the ther- 
modes at maximal current velocity. 

The cervical sympathetic trunk (see fig. 25) reacted with an 
electro-negativity of between 1 and I.5 mV at the heated region 
relative to the thermoindifferent point. In two cases this "heat 
potential” exceeded 3 mV. In both these experiments the ’’cold 
potential” also exceeded by about 1 mV its normal very low value 
of between 0 and O.3 mV. On return to the initial temperature 
electrical equilibrium was generally restored almost completely, 
except in those cases where tlie higher ’’heat potentials” had 
been observed. There the restorative process was incomplete 
during the nearest minute. The cervical sympathetic was studied 
in six animals, on all in situ. 

The vagus nerve immediately above the diaphragm was studied 
on 14 nerves in situ, on 6 nerves in the Tyrode bath. In one case 
a nerve in situ evoked a cold potential greater than I.5 mV. And 
in 2 cases cold potentials of l.o mV were obtained. In one of 
these a positive heat potential appeared. In the remaining 11 
cases heat elicited a definite negative potential (see fig. 26), 
while cold produced none or very small potentials. On return 
to normal temperature the galvanometer usually swung hack 
almost to zero or fully so, but in a few cases the restoration of 
equilibrium was very incomplete. The nerv'es in Tyrode solution 
generally reacted similarly except that the potentials were lower 
and the values from different experiments less scattered. Thus 
this part of the vagus nerve can obviously generate marked heal 
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Fig. 25. Temperature potentials. Each dot represents the average of the values 
obtained from the same nerve. Dots of the same number traced from the 
same nerve. See text. 
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Fig. 27. Tcmpernture potentials (ns in fig. 25). See text. 


polcnlials, while cooling elicits no response or very small distur- 
bances of potential. 

The vagus nerve in the neck was investigated in situ on 6 animals 
jmtl removed from 4 animals for analysis in the hath (see fig. 25). 
In this nerve, both heat and cold set up definite negative poten- 
tials of about the same size. As in tlie other cases the nerves 
in situ responded with larger potentials than those in the bath, 
othmvise the reactions were similar. After the temperature had 
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returned to its initial value, the restoration of potential equi- 
librium was practically complete. 

Twelve phrenic nerves (see fig. 27) were analyzed in situ and 
four nerves in the bath. Amongst the nerves studied in situ two 
responded with quite large heat potentials while in all the other 
cases the values were negligeably small and fell between O.4 mV 
neg. and O.2 mV pos. In all cases cooling evoked a marked nega- 
tive potential of about 1 — 3 mV. On return to normal temperature 
potential equilibrium was restored in most cases to within 1/10 
mV. It was sometimes observed, that just as the temperature 
began to rise from its cold minimum, the negative potentials 
increased further, and then suddenly returned and even swung 
over to a small positive value. 

The same small heat and large cold potentials were obtained 
in the experiments on the phrenic nerve in the bath. The values 
were smaller but less scattered. There was a marked cold potential 
of about 1 mV but none or at least a much smaller heat potential. 
The recurrent nerve was removed from 4 animals (5 nerves) and 
studied in the bath. This nerve behaved like the phrenic nerve. 
The heat potentials varied between O .2 mV neg. and O .2 mV pos. 
while the cold potentials varied between O .4 mV neg. and l.o mV 
neg. (see fig. 26). 

After every experiment, controls were made in an exactly iden- 
tical manner except that the nerve was exchanged for a cotton 
thread, moistened with Ringer and placed in contact with tlie 
animal as if it had been a nerve. In 3 cases a small positive 
potential of about O.i mV was observed on heating, and a negative 
potential of up to O.3 mV on cooling. The values obtained for 
the temperature potentials were corrected with the aid of the 
controls. 


Discussion. 

The idea that the temperature potentials set up by heating or 
cooling the nerve generate the discharge to heat or cold in respec- 
tively thin and thick fibres necessitated the further assumption 
that different fibres also generate the heat and cold potentials. 
So far this theory has stood the test of experiment. The capacity 
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to generate thermopotentials in response to heat or cold has been 
found to differ according to whether the nerves tested have been 
dominated by thin myelinated and unmyelinated fibres or thick 
myelinated fibres. The thick fibres have not been capable of 
generating significant thermopotentials to heat hut have readily 
responded to cold with a large negative deflexion at the cooled 
region. It was shown above that these are the very fibres that 
under such circumstances also discharge impulses. The thin 
fibres which discharge in response to heating proved to give 
large thermopotentials to this particular stimulus and were rela- 
tively indifferent to cooling. 

It is true that these experiments on thermopotentials have been 
restricted to vegetative efferents. Hlowever, the discharge in the 
somatic afferents was shmvn above to he similarly differentiated 
with respect to heat and cold and somatic afferents have been 
found by Bernhard and Granit (1946) to generate both heat 
and cold potentials. It is therefore probable that the two kinds 
of somatic thermopotentials also are generated in different fibres, 
the heat potentials largely in unmyelinated and myelinated thin 
afferents, the cold potentials primarily in large myelinated fibres. 

In the phrenic nerve there is a sufficient number of thin mye- 
linated fibres to give a small but clearly detectable blood pressure 
rise. It has, however, not been possible to demonstrate the 
expected heat potential. The reason for this might be tlie limited 
number of heat sensitive fibres. Their response to heat has prob- 
ably not been able to reach the instrumental threshold. 

Similarly in the cervical sympathetic trunk there is a small 
number of 8 fibres. If these have been capable of setting up a 
cold potential it is, for the same reason, probable that it has 
remained subthreshold with regard to the absolute level of sen- 
sitivity determined by the preparation and the recording tech- 
nique. 

On the galvanometer scale O.i mV has corresponded to I .5 mm 
This should be ample but since the experimenter has had to read 
off both temperature and thermopotentials the accuracy of the 
measurements has suffered somewhat from this splitting of his 
attention between two rival tasks. For a qualitative survey the 
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measurements should, however, be satisfactory. Other factors, 
beyond experimental control, have probably caused greater 
errors, particularly in the experiments on intrathoracal nerves 
in situ where odd values fell quite outside the normal limits of 
variation. Although the absolute values of the potentials of 
isolated nerves in the Tyrode bath were smaller they Avere more 
regular. 

This circumstance suggests that the amount of surrounding 
tissue is of importance. The isolated nerves could be very much 
better cleaned and, in general, the experimental conditions with 
this technique were more stable and homogeneous. The nerves 
in situ could never approach the same degree of uniformity. But 
even if the nerve itgelf were a fairly homogeneous structure witli 
regard to its fibre composition it is by no means certain that 
every response to changes of temperature is due exclusively to 
the conducting structures or the so-called nerve membranes. There 
are also the sheaths of connective tissue and the vasa nervorum 
to consider all of which contain membranes as well as electrolytes 
which there are no a priori reasons for regarding as tliermo- 
electiically indifferent. Thermopotentials are common enough. 
It is, for instance, merely necessary to shorten the cotton wool 
wick of the cooled or warmed electrode so that the temperature 
change is conducted to the silver-silverchloride electrode itself in 
order to record a large artefact electrode potential in response to 
heat and cold. With sufficiently long cotton wool wicks this 
source of error can be avoided. But it shows that caution should 
be exercised when ascribing thermopotentials to definite sources. 
The non-nervous part of the tissue may have been responsible for 
the small and irregular cold potentials in nerves containing thin 
fibres and for the similar heat potentials in nerves dominated by 
thick fibres. 

The differences here foimd between small and large fibres 
witli respect to their capacity to generate thermopotentials are 
probably due to specific membrane properties or to differences 
in electrolytic composition. Myelinisation as such cannot explain 
it because the myelinated cervical sympathetic and the unmye- 
linated distal portion of tlie vagus behave in a similar fashion. 
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The failure of Grutzner (1881) and Verzar (1911) to dem- 
onstrate tliat a heated portion of a nerve becomes electronegative 
relative to a part at normal temperature can probably be explained 
by their having used frog nerves. Nor did they attempt to keep 
the nerves in anything like its normal environment. Systematic 
analyses of the effect of the environment on thermopotentials 
have been started in this laboratory. 

The thermopotentials need not necessarily succeed in setting 
up a discharge of impulses. The latter mechanism may be 
disturbed or the nerve may accommodate very rapidly to the 
potential change and for this reason be unable to discharge. 
Erlanger and Blair (1938) have shown on frogs and Skoglund 
(1942) on cats that large sensory fibres accommodate far less 
than motor fibres of the same size. That similar differences exist 
between the tliinnest sensory and the autonomic motor fibres 
is not improbable since C. v. Euler (1947) has noted (on cats) 
that the unmyelinated motor fibres in the vagus are very insensi- 
tive to stimulation with a slowly rising current. It was foimd 
impossible to elicit a repetitive discharge from these fibres 
although the strength of the current was increased to more than 
4 times the rheobase. On the other hand, the thin sensory fibres 
of somatic nerves were quite sensitive to stimulation witli a slowly 
rising current. This indicates that there is more accommodation 
in the vegetative efferents than in sensory fibres of comparable 
size. The fact that thermopotentials in. vegetative efferents do not 
set up impulse activity could be satisfactorily explained by the 
high accommodative properties in these nerves. 
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General Comments 


It has been shown in this paper that local heating, e.g. of the 
sciatic nerve, represents a simple method for eliciting a small 
fibre reflex increase of blood pressure without excitation of the 
large fibres. This observation can be put to practical use in 
investigations of the vasomoter centres, as for instance with regard 
to the pharmacodynamic properties of different agents. The 
method was used above (p. 21) in investigating the effect of 
ergotamin in small doses on the thermally elicited pressor reflex. 

The fact that only the afferents .of a visceral nerve and not its 
efferents discharge in response to heating supplies a new method 
for the analysis of reflexes conducted through the intact nerves 
of various organs as long as the temperature used does not block 
the efferents of the same nerve. It has, however, been sho'wn 
(p. 57) that a temperature of 47° does not block post-ganglionic 
fibres to the small intestine, and it can be assumed that other 
autonomic efferents behave similarly. 

Thus this selective method of generating thermopotentials and 
impulses in the thinnest fibres of a nerve offers new opportimities 
for the study of these fibres. Their properties and fxmctional 
projections represent an important field for investigation, 
especially with respect to problems connected with the autonomic 
nervous system. 
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Summary. 


The responses evoked from mammalian nerves by local changes 
in temperature have been studied by means of the thermo de 
technique. 

1. Local heating of the sciatic nerve of the decerebrated cat 
elicited a complex nociceptive reflex pattern involving skeletal 
and vegetative motor effects. The investigation has particularly 
dealt with the vasomotor and, to some extent, the respiratory 
reflexes set up in this manner. Curare, in doses paralysing the 
respiratory movements, did not affect tlie vasomotor reflexes, 
nor did ergotamin, in small doses, affect the pressor reflexes. 

2. The calibre spectra of different somatic nerves were correlated 
with the vasomotor (sometimes also the respiratory) reflexes, 
elicited by local heating and cooling. It was found that local 
heating of a nerve excited the thinnest afferents of the 6 group 
and the C class. Cooling did not excite these fibres but stimulated 
the thick myelinated afferents. 

3. Cooling was shown to stimulate large myelinated motor fibres, 
while heating did not excite these fibres. 

4. Action currents obtained in response to stimulation by heating 
and cooling of the thin branches of sensory nerves were studied. 
It was found that heating did not to a measurable degree excite 
afferents thicker than those of the 6 group, and that cooling 
stimulated thick myelinated afferents. 

5. It was shown that neither heating nor cooling of the autonomic 
efferent fibres elicited any effects from the innervated organs. 
Somatic afferent, and vegetative efferent fibres, although of 
practically the same size, therefore differ with regard to their 
capacity to discharge in response to local heating. 

6. The local potential changes caused by local changes of ther- 
mode temperature were measured electrometrically on different 
nerves, as homogenous as possible with regard to fibre composi- 
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lion. These investigations showed that in such nerves local heating 
of thick myelinated fibres was ineffective or merely gave rise to 
very small potential changes whereas local cooling regularly 
caused marked local negative potentials (relative to a thermo- 
indifferent point). Unmyelinated and thin myelinated fibres, on 
the other hand, regularly gave rise to marked negative thermo- 
potentials in response to heating but remained practically 
isoelectric when cooled. 

7. These results are held to substantiate the view that the 
discharge of impulses in response to heating in thin fibres, to 
cooling in thick fibres is caused by their respective ’’heat” and 
’’cold” potentials serving as ’’generator potentials”, 

8. In view of tlie presence of generator, ’’heat” potentials in both 
the thin sensory and the thin motor fibres, the difference between 
these fibres with regard to their capacity to discharge in response 
to heating is considered to be a question of differences of accom- 
modation. 

9. The applicability of thermostimulation as a method of select- 
ing small fibres and as an index of small fibre activity is being 
discussed. 
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INTRODUCTION. 


Literary Survey of Recent Data on the Inter- 
mediary Iron Metabolism with special Reference 
to Serum as Vehicle for the Transport of Iron. 

During the last decade our knowledge of the iron metabolism 
has been extended considerably through studies on variations of 
serum iron under pathological and physiological conditions and 
through the detection of ferritin — a protein capable of binding 
up to 23 Vo iron and thus serving as a storage-iron fraction. 
After radioactive iron has commenced to be' employed as tracer, 
new observations have thrown additional light on the way in 
which the organism regulates, among other things, the absorp- 
tion and excretion of iron as well as the hemogiobin metabolism. 

In the present work an account is given of the quantitative 
variations of the iron-binding protein component in serum in 
normal subjects and in patients suffering from various diseases. 
The significance of this protein fraction to the transport of iron 
in the organism is elucidated with experimental and clinical ob- 
servations, partly in connection with previously established facts 
concerning the iron metabolism. 


Distribution of Iron in the Organism. 

»The total iron in a 70-kg. man averages about 4.3 g. Of this 
iron, some 55 per cent is contained in the circulating hemoglobin, 
and about 10 per cent is a constituent of muscle hemoglobin and 
the hemecatalysts. The remainder, 30 — 35 per cent of the body 
iron, may be designated as the storage-iron fraction. About two- 



2 


thirds of this storage iron, or 0.8 g., is located in the liver, spleen 
and red bone marrow* (Granick 1946). The transport iron frac- 
tion (serum iron) amounts only to about 1 °/oo of the body iron. 

The iron metabolism has to be considered on the background 
of the fact that iron which once is incorporated in the body is 
retained, and that the physiologically active iron is utilized in a 
narrow cyclic process (hemoglobin — serum iron — hemoglobin) 
rather independent of absorption, excretion and storage. 


Excretion of Iron. 

The organism appears practically incapable of active iron 
excretion — as has been established, among other ways, through 
experiments with parenteral administration of radioactive iron 
(McCance & Widdowson 1937, 1938 and 1943, Hahn, Bale, Het- 
tig, Kamen & Whipple, 1939, Brownlee, Bainbridge & Thorp, 1942, 
Greenberg, Copp & Cuthbertson, 1943, Copp & Greenberg, 1946). 
•...Thus no active elimination of iron takes place through the 
kidneys. On intravenous injection of large doses of iron there 
is a percentally insignificant excretion of the iron with the urine 
in the first hours after the injection, and then the renal elimina- 
tion falls off towards 0. Normally the diurnal excretion of iron 
with the urine is less than 1 mg. [for literature, see Heath (1942), 
Dahl (1944)], although within the same period about 1 g. iron 
passes through the kidneys in the form of serum iron. 

^ /It has also been shown that no active excretion of iron takes 
place in the intestinal canal on parenteral administration of iron. 
Further, under physiological conditions the elimination of iron 
by way of the bile passages is minimal {e.g. Hahn et ah 1939, 
Greenberg et al. 1943). 

-./The insignificant loss of iron by way of the intestinal canal is 
relatively constant and may be attributable to detachment of 
epithelial cells. 

j As the organism thus is practically unable to eliminate the 
iron once incorporated, it has to..J)e.-capable-of— regulating_the 
iron absorption — lest it he flooded with iron. 



Absorption of Iron. 


Hahn, Bale, Lawrence & Whipple (1938 — 1939) have been able 
to demonstrate that quite insignificant amounts of iron are ab- 
sorbed under physiological conditions. 

In simple anemia from iron deficiency the absorption of iron 
given by mouth is many times greater than in a normal subject, 
v^he greater the iron ingeslion, tIie lesser is its percental absorp- 
tion. If two doses of iron are given at an interval of a couple of 
^hdurs, a part of the first dose is absorbed, whereas the second 
dose passes through the digestive tract practically without being 
utilized at all {e.g. Hahn, Bale, Ross, Balfour & Whipple 1943). 

These observations are usually interpreted to the effect that 
the organism is able by way of the intestinal mucosa actively to 
regulate its iron absorption after its need. When the iron require- 
ment is increased [e.g., after a hemorrhage) the relative blockade 
of the iron absorption normally exercised by the intestinal mucosa 
is abolished {e.g. Balfour, Hahn, Bale, Pommerenke & Whipple 
1942, Chapin & Ross 1942). 


Storage-iron Fraction. 

In connection with his studies on » ferritin, its properties and 
significance to the iron metabolism®, Granick (1946) has given 
an excellent review of our present knowledge of the storage-iron 
fractions. 

The storage-iron fractions may be divided into two parts: 
colloidal iron compounds, namely ferritin and n on-c r ystallizabl e 
toritin; and a microscopically visible granular iron material, 
hemosiderin® . The latter, hemosiderin, » appears generally in the 
marrow, spleen and liver after rapid hemoglobin destruction or 
rapid and excessive iron deposition®. 

»Cook (1929) and Asher (1933) have examined these granules of horse 
spleen and foimd them to consist of protein material containing brown iron 
hydroxide and small amounts of phosphate and calcium. » » These granules 
may vary in composition from relatively little protein^heous material and 
high iron content to relatively low iron content. >\(5therwise the properties 
of hemosiderin and its significance to the iron metabolism are still unknown. 
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jThe colloidal iron compounds, ferritin and non-crystallizable 
ferritin, appear to contain iron associated with one or possibly 
more proteins. The iron is in the form of reddish-brown ferric 
hydroxide of the approximate composition (Fe 00 H) 8 (Fe 0 P 03 H 2 ), 
the iron being uniquely characterized by magnetic measurements 
as possessing a constant magnetic dipole moment of 3.8 Bohr 
magnetons, a moment rarely observed in other iron compounds.* 
*When ferritin iron micelles are attached to a specific protein, 
apoferritin (through an unknown chemical linkage), the complex 
of this protein with the ferritin-iron micelles is designated as 
ferritin. Apoferritin is a homogeneous protein which may be 
readily crystallized with cadmium sulphate, yielding colorless 
crystals. When apoferritin has iron micelles attached, then red- 
hrown cr^'stals of ferritin may be obtained with a maximum 
amount of iron equivalent to as much as 23 per cent of the dry 
weight of the dialyzed crystalline material.* 

>Some of the ferritin-iron micelles appear to be attached to proteins which 
cannot be crystallized. These inhomogeneous materials, which still possess 
the characteristic ferritin-iron micelles, are placed together into a group 
termed the ’non-crystallizable ferritin’.* 

For ferritin formation not only should the cell be able to pro- 
duce apoferritin but it must have a mechanism for accumulating 
iron and possibly another for attaching iron to apoferritin. These 
conclusions are suggested by the observation that apoferritin, but 
little or no ferritin, is present in the testicles. 

Granick, Hahn ef al. (1943 — 44) have made a number of ob- 
servations which lend support to the view that ferritin is an 
iron-storage compound. Thus a dog was given an injection of 
red blood cells which contained radioactive iron as a constituent 
of the heme in hemoglobin, and then intravital hemolysis was 
induced in the dog by injection of acetylphenylhydrazine. The 
dog was killed after 6 days, and ferritin was prepared from its 
liver. In the crystallized ferritin every four iron atoms were 
radioactive. — After intravenous injection of radioactive ferri- 
ammonium citrate into a dog, which was killed after 13 days, 
80 ^/o of the iron was recovered from the liver. Three-fourths of 
the iron in the crystallized ferritin was radioactive. The rate at 
which intravenously injected iron is transformed into ferritin 
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iron could be demonstrated to be very high. As early as 1 hour 
after the injection 40 ®/o of the radioactive iron was recovered 
from the liver, where it was a constituent of the ferritin molecules. 

Other experiments showed that »in anemic animals there was 
a drain not only of iron but also of apoferritin and probably 
of other proteins to meet the demands of rapid blood forma tion». 

» Recently a marked increase of ferritin in the gastro-intestinal 
mucosa was observed in response to iron feeding.* »No apofer- 
ritin crystals could be detected before iron feeding, indicating 
that apoferritin was not originally present in any appreciable 
concentration. These facts suggest that the feeding of iron has 
in some way brought about an increase in the concentration of 
a particular protein which combines with iron to form a storage 
compound of iron in the mucosa* (Granick 1946). 


Serum Iron. 

After the pioneering works — above all, by Fontes & Thivolle 
(1925), Barkan (1927), Henriques & Roche (1927), Warburg 
(1927), Warburg & Krebs (1927) — through which the existence 
of serum iron was established, its variations in pathologic and 
physiological conditions have been the subject of thorough studies, 

Serum jron is d e fined as a cid-sol uble iron in the serum, i.e., 
iron present in the serum as a constituent of a high-molecular 
complex from which it may be obtained in ionized form by 
simply acidifying the serum with hydrochloric acid. Hemoglobin 
is an iron complex that is more difficult to split. Normally the 
serum contains practically no ionized iron. 

The main results of experimental and clinical serum iron 
research are given in monographs by Heilmeyer & Plotner (1937), 
Skouge (1939), Vahlquist (1941), Biichmann (1941) and Van- 
notti & Delachaux (1942). 

Additional knowledge concerning the serum iron has been 
obtained through studies with radioactive iron — in particular 
by Hahn et ah (1939 — 47). The serum iron is generally accepted 
as the transport iron fraction. 

The view advanced by Barkan (1937 — 39) — that the red blood 
cells contained an iron fraction which may be given off to the 
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plasma gradually as the red cells are getting older — is not 
accepted by more recent authors (Moore, Minnich & Welch 1939, 
Venndt 1940, Miller & Hahn 1940), who have shown that his 
iron fraction at least in part is a technical artefact. After exten- 
sive clinical studies Moore, Minnich & Welch arrived at the 
following conclusion: »The physiological importance of this blood 
iron fraction (’easily split-off) has fairly definitely been divorced 
from the function of iron transportation*. 


Variations of Serum Iron. 


Normally the serum iron concentration is about 120 y ®/o (80 
— ^200). Reckoning the plasma volume of a normal adult person 
as about 3.5 liters, the transport iron fraction thus amounts to 
about 4 mg. iron. The transport of iron from erythrocyte- 
destroying organs to erythrocyte-forming organs is so efficient 
that the iron liberated in the destruction of hemoglobin is utilized 
practically quantitatively for the synthesis of hemoglobin (Cruz, 
Hahn & Bale 1942). The high rate of the serum iron exchange 
is evident from the following calculation: The total amount of 
hemoglobin includes about 2.5 g. iron; and the lifetime of the 
red blood cells is given by Singer & Weisz (1942) as 3 — 4 months 
at the most. So the amount of iron required daily for the normal 
hemoglobin synthesis is at least 25 mg., that is, 6 times larger 
than the entire amount of serum iron. 

The iron atoms move continuously in a circle: hemoglobin — 
(storage iron) — serum iron — (storage iron) — hemoglobin. On 
this account the serum iron level signifies a dynamic equilibrium 
between the destruction and the new-formation of hemoglobin, 
the storage iron serving as a buffer in the system. 

The clinical observations of the variations of serum iron may 
be presented schematically as follows: 


^ Increase in 


serum iron is obtained in 


a) morbid conditions where the erythrocyte destruction is 
more rapid than the new-formation: Hemolytic crisis, pernicious 
anemia, polycythemia in remission (X-ray treatment), aplastic 
anemia, processes reducing the amount of bone marrow; 
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b) hepatitis at the initial stage (destruction of the depot?); 

c) administration of iron, perorally or intravenously; 

( » Physiologische Hypersiderami») (Vahlquist). 




Decrease in serum iron is obtained in 


a) conditions where the new-formation of red blood cells is 
more rapid than the destruction: anemia in regeneration, poly- 
cythemia in progression; 

b) sideropenia (with or without anemia) ; 

c) increased iron requirement in non-erythropoietic organs ; 
malignant neoplasms, acute and chronic infections, artificial 
hyperthermia (after injection of animal or synthetic toxins); 

d) increased iron output, e.g., in nephrosis (combination of in- 
fection and loss of iron), lactation, latter half of pregnancy. 


Serum Iron and the Iron-binding Capacity of Serum. 

With a view to the keystone position of the serum iron protein 
compound in the intermediary iron metabolism, the etablishment 
of its chemical and physical characters is of the greatest interest. 
sBarkan (1927) found serum iron non-dialyzable at the pH of 
the blood. He (1933) further found that in native serum the 
serum iron is not ultrafiltrable; only when the serum was acidified 
did iron pass into the ultrafiltrate. Vahlquist (1941) showed that 
serum iron is non-dialyzable within a range of pH from 4.5 to 
at least 10. Vahlquist’s dialysis experiment in vivo also supported 
the view that serum iron is bound to proteins. Barkan & Schales 
(1937) found that half-saturation with ammonium sulphate pre- 
cipitated serum iron quantitavely together with the globulins. 
Such was also observed to be the case with sera to which iron 
has heen added (Starkenstein & Harvalik 1933). With the aid of 
modern electrophoresis technique Vahlquist (1941) has made a 
small series of experiments regarding the binding conditions of 
serum iron. His results are difficult to judge of, as the iron con- 
centrations in the analyzed fractions often were very low, the 
experiments were performed at different pH, and the iron con- 
centration of the buffer employed varied. His conclusions are 
that serum iron is bound both to the albumin and the globulin 
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fractions. The main part is found in the last mentioned fractions, 
and one experiment seems to indicate that the a- and ^-globulin 
fractions serve as the principal carriers, as the y-globulin frac- 
tion is poor in iron® (Holmberg & Laurell 1945). 

More recently experiments on purification of the iron-binding protein 
fraction in serum have been carried out in U.S.A. and also in the laboratory 
of the Medical Clinic, University of Lund. 

The American authors (Oncely, Scatchard . & Brown) have published a 
tabulary preliminary report on the physicochemical characters of some 
purified serum constituents (Advances of Protein Chemistry 111:460, 1947). 
''..^he iron-binding serum component is taken to be identical with a pi-globulin 
fraction (IV: 7), but so far it has not been practicable to establish this. 

In experiments on the purification of the iron-binding protein component 
of serum we have been able in the Lund laboratory to isolate this fraction 
in a state that is uniform on ultracentrifuging and on electrophoresis. The 
iron-free fraction is colorless, but the iron-containing complex is intensely 
red in color. It is not precipitated by half-saturation with ammonium sulphate 
(pH 8 — 5). Its molecular weight is found to be about 88,000, its isoelectric 
point is about pH 4.5. A detailed report of these studies will be published 
within a near future in Acta Chem. Scand. (in cooperation wdth B. Ingelman). 

The factors influencing the serum iron concentration, which 
normally varies between about 80 and 200 y Vo, are known but 
slightl5^ In order to get some substantial idea about the regula- 
tory mechanism attempts have been made to influence the serum 
iron concentration in normal subjects and patients by oral and 
parenteral administration of iron. The results obtained in peroral 
tolerance tests proved very difficult to interpret, as the rate of 
absorption as well as elimination from serum were subject to 
wide individual variation. From the literature it is evident, 
however, that the serum iron concentration after ingestion of 
0.25 — 1 g. ferrous or ferric iron usually lies at a level of 200 — 
300 Y ®/o. It appears as if values over 400 y Vo are not obtained 
in normal subjects. 

Skouge (1939) and Waldenstrom (1944) performed tolerance 
tests with intravenous injection of 10 mg. iron and found the 
serum iron value, determined 5 min. after the injection, to be 
lower than was to be expected if the iron had been distributed 
on the entire plasma volume of the organism. Waldenstrom (1944) 
and Brochner-Morlensen (1943) were able to show that when 
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untreated patients with pernicious anemia were given 10 mg. iron 
intravenously the result was often merely an insignificant rise in 
serum iron. Further, Waldenstrom gave a normal subject two 
intravenous injections of iron at a short interval and found the 
rise in serum iron to be much smaller after the second injection 
than after the first. 

From Waldenstrom’s material it is also evident that symptoms 
of intolerance after the injection (flushing to the face, nausea, 
sneezing and headache) appeared in those patients who showed 
only a slight rise in serum iron after intravenous injection of 
iron. Such toxic symptoms appeared also in normal subjects when 
more than 10 mg. iron was injected. From these findings Walden- 
strom arrived at the conclusion that the rise in serum iron fol- 
lowing intravenous injection of iron is broken after an indivi- 
dually variable limit for the serum iron concentration is reached. 
Iron injected after this ^braking effect* has come into function is 
eliminated very quickly from the blood stream. As Waldenstrom 
was able to make sure that the iron was not absorbed by the 
formed elements in the blood, nor excreted with the urine, he took 
the braking effect to depend on some extravascular factor. 

Holmberg then advanced the hypothesis that the braking effect 
was due to the circumstance that serum is capable of complex 
binding of iron in an amount corresponding to the serum iron 
value, and that iron injected after this border value for serum 
iron is reached is bound to the serum proteins in such a form 
that the compound readily is split in vivo. After experiments on 
enrichment of serum with iron in vitro combined with experi- 
ments in vivo, this hypothesis proved tenable (Holmberg & 
Laurell 1945). 

For the latter authors were able to show that the iron in the 
native serum iron protein complex at physiological pH did not 
react with cia.\-dipyridyl (reagent for Fe'^'^) in spite of the pres- 
ence of sodium hydrosulphite. On enrichment of the serum with 
Fe'^'^ also the iron added was bound, up to a certain border value 
(saturation limit), in non-dipyridyl-reacting form. On the other 
hand, all iron added over the saturation limit reacted with dipyri- 
dyl. On determination of the saturation limit in 10 normal sub- 
jects an average value of 312 y ®/o was obtained, which agreed 
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verj’^ well with the serum iron concentration of 291 y ®/o found by 
Waldenstrom after injection of 10 mg. iron into normal subjects. 

On determination of the saturation limit and serum iron con- 
centration in untreated cases of pernicious anemia, Holmberg & 
Laurell (1945) found the saturation limit of serum most often 
to be equal to the serum iron level or a little higher. Intravenous 
injection of iron into these patients was followed by symptoms 
of intolerance even after a couple of milligrams. In two patients 
the serum iron level and the saturation limit were determined 
both before and after the institution of liver therapy. Thus the 
saturation limit was found not to be influenced by the liver 
therapy during the first days even though serum iron fell from 
high values to low. From their experiments the authors arrived 
at the conclusion that the braking effect is an expression of the 
ability of the serum to bind iron firmly and that administration 
of iron in excess of this capacity leads to the appearance of toxic 
symptoms. 

Schade & Caroline (1944) were able with a microbiological method to 
demonstrate a protein component in raw eggwhite capable of binding iron. 
Subsequently this was purified by Alderton, Ward & Fevold (1946). 

With their microbiological method Schade & Caroline (1946) 
found also human plasma to contain an iron-binding component. 
In plasma fractionated after Cohn et al. (1945) the greater part 
of the iron-binding component is found in fraction IV-3.4 (rich 
in a- and ^-globulins) which is quite in keeping with the obser- 
vation made by Vahlquist (1941) : that after electrophoretic separ- 
ation of serum the iron is found chiefly in the a- and ^-globulin 
fraction. 

Schade & Caroline determined the iron-binding capacity of 
scrum in a normal subject as 260 y ®/o. 

The iron-binding component in plasma determined by Holm- 
berg & Laurell (1945) appears to be identical with the one deter- 
mined by Schade & Caroline (1946) as is evident from the fol- 
lowing observations. 

Serum thus contains a protein component that is able to bind 
iron (supplied in vivo or in vitro) in a form that is identical with 
or rather like the binding of iron by the native serum iron protein 
complex. 
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The saturation limit of serum for iron signifies the capacity of 
the serum for firm complex binding of iron, and includes both 
the native iron content of the serum (=serum iron=manifest 
iron-binding capacity) and the increase in the concentration of 
firmly bound iron in the serum (—laten iron-binding capacity) 
resulting from the supply of iron to the serum. 


Loose/y bound, 
phenanthroh'ne ^ 
reacting won ' 


Sotunotion //mit 








Firmly bound, 
non-phenanthroUne ^ 
reacting iron 



Mmi 


\Manifest 


Iron-binding 
capacity 
of serum 


Fig. 1. Graphical presentation of terms employed. 






EXPERIMENTAL INVESTIGATIONS. 


Chapter I. 

Methodics. 

Determination of Serum Iron. 

The method here adopted differs from the one employed by 
Holmberg & Laurell in that, instead of aai-dipyridyl, o-phe- 
nanthroline is used as reagent for iron. 

Technique, 

1. Cleaning of glassware. — After being washed, all glassware to be 
used for the analysis is treated with dilute hydrochloric acid and then rinsed 
with glass-distilled water. 

2. Withdrawal of blood. — For an analysis about 15 ml. blood is required. 
The blood is withdrawn by means of a stainless steel needle, polished 
inwardly, into a centrifuge tube. 

3. Analysis. — Under shaking, 3 ml. 6N HCl is added dropwise to 6 ml. 
serum in a small Erlenmeyer flask. After 10 min., 6 ml. trichloracetic acid 
is added. After additional 10 min. the mixture is filtered through a small 
Berzelius filler (the filter paper should be washed in 5 ®/o HCl and rinsed 
with glass-distilled water, then dried). The filtrate is collected in a test tube. 

Of this filtrate, 7.5 ml. is transferred into a volumetric flask of 12.5 ml., 
and 1 drop of paranitrophenol is added. Now ammonia is added, drop by 
drop till the indicator change in color is obtained. The mixture is then 
acidified with N/2 hydrochloric acid till the color has disappeared. After this, 
0.2 ml. sodium acetate solution is added, and the sample is again acidified 
with hydrochloric acid, drop by drop, until the color' disappears. Now 1 drop 
of phcnanlhroline solution and about 5 mg. sodium hj’drosulphilc are added. 
The mixture is diluted with glass-distilled water to 12.5 ml. and mixed well. 
The extinction value is read in a Pulfrich photometer against a blind that 
has been treated in the same way, containing distilled water instead of serum. 
Tlic thickness of the layer should be 3 cm., the filter S 50. It is very impor- 
tant to make sure that the specimen is perfectly clear. 

Calculation; The extinction value read is multiplied by 700, and this gives 
the iron content of the scrum in y per 100 ml. serum. 
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4. Solutions required: 

6 N hydrochloric acid (cone., p.a. and equal parts of redistilled water). 
20 ®/o trichloracetic acid (preferably redistilled). 

Cone, ammonia. 

N/2 hydrochloric acid. 

1 N sodium acetate. 

Paranitrophenol, 1 "/o solution in absolute ethanol. 

Phenanthroline, about 2 ®/o solution in 10 ®/o ethanol. 

Sodium hydrosulphite (Na 2 S 204 ) p.a. in substance. 


Determination of the Iron-binding Capaeity 
(Saturation Limit) of Serum. 

In this chapter an. account will be given of 3 different methods 
by which the iron-binding capacity of the serum may be deter- 
mined. Methods A and B, which were first worked out, were not 
employed in the routine analyses. Method C is the simplest and 
most reliable of the three; in addition it requires less serum than 
the two others. So it has been adopted as routine method. Still 
methods A and B will also be described here in detail, as they 
are of value, for one thing, in experiments on purification of the 
iron-binding component of serum. 

Method A. 

This method is the one originally given by Holmberg & Laurell 
for determination of the saturation limit. As some minor changes 
had to be made for the sake of greater exactness, the method is 
given here in extenso, including these changes. 

Principle. — In determination of the total amount of iron that 
may be firmly bound (non-phenanthroline-reacting) by a given 
serum, a known amount of iron is added, so that the total amount 
of iron in the serum exceeds the saturation limit. The loosely 
bound phenanthroline-reacting iron is determined colorimetrically. 
The saturation limit is found by subtracting the value for phenan- 
throline-reacting iron from the total amount of iron in the serum 
(after the addition of iron), both values being given in y ^/o. 



14 


Cleaning of glassware. — The same procedure as described above under 
total serum iron. About 40 ml. blood is required. 

Analysis: 

I. Determination of serum iron. 

II. 4 ml. serum is pipetted into each of two test tubes. 0.25 ml. 
ferrous chloride solution is added to one tube, 0.25 ml. ascorbic 
acid solution to the other tube. After 10 min. the two samples are 
read against each other in a Pulfrich photometer with filter S 50, 
in 1 cm. cuvettes. The difference in extinction is noted (E^). Some 
crystals of phenanthroline are added to the tube containing fer- 
rous chloride. During the following 10 min. the tubes are shaken 
repeatedly, then about 5 mg. sodium hydrosulphite is added to 
either lube. After 1 hour they are read once more against each 
other with the same filter and thickness of laver as before fEo). 

Calculation: 

Saturation limit=serum iron + 625 — 

(in Y '’/o) (in y ®/o) (Fe addition 

inY®/o, on 
employment 
of 0.25 ml. 

Fe standard) 

Reagents: 

Chemicals required for serum iron determination. 

Ferrous chloride solution, made from a slock solution of ferric chloride (100 
mg. Fc and 1 ml. cone. HCl per liter water). 

10 ml. stock solution is reduced with 20 mg. ascorbic acid, immediately be- 
fore using. 

Ascorbic acid solution; About 29 mg. ascorbic acid in 10 ml. water. 


(Eg— EJX504X4.25 
4 

(phenanthroline iron 
in Y ®/o as iron) 


Discussion, 

1. In the original method the serum under analysis is kept in 
a test tube with a gas mixture containing 5 Vo COo and 95 Vo No 
in order to keep the serum pH as near the physiological pH range 
as possible. In page 50 an account is given of the influence of 
shifts in pH on the iron-binding capacity of the serum. From the 
findings there recorded it is evident that in determination of the 
saturation limit the serum pH should fall within the range of 



8 — 7.3. With the method here employed, on the acid side of pH 7, 
the iron-binding capacity of the sernm falls rapidly. 

Both the addition of the acid iron .standard and of .sodium 
hydrosulphite shift the scrum pH in acid direction. 

Sodium hydrosulphite reduces after the formula; 

2 Fe++ + + S 204 -1-2 11.0=2 Fe'^ + -l-i H+'l-2 80.,“"" 

The amount of hydrosulphite required for quantitative reduction of the 
loosely bound iron after addition of a ferrous or ferric iron compound -svas 
determined in an experiment recorded in Table 7 {p. 29), From this experi- 
ment it is evident that an addition of .5 niR. sodium hydrosulphite is quite 
sufficient to reduce the loosely bound iron in -1 ml. serum enriched with 
about 500 y ®/o iron — regardless whether llie iron is added ns a ferrous or 
a ferric compound. 

The shift in serum pH after addition of the iron .standard and 
5 mg. sodium hydrosulphite amounts to about 0,1. If the .satura- 
tion limit is determined on a freshly cenlrifngetl serum, before 
the carbon dioxide is all given off, the delerminsitlon Nvill thus 
be made with the serum pH of about 7, and the result obtained 
from the analysis will be somewhat loo low. 

In order to standardize the experimental conditions the .sera 
were generally frozen to a temperature of about — 20° and not 
analyzed till the following day. On thawing, at room temperature 
the serum has a pH of 8 — 8.2, and tlius llie pH resnlling after 
the addition of hydrosulphite and iron will be about 7.7, i.e., 
falling within tlie suitable range of pH. Keeping the serum speci- 
mens at the aforementioned low temperature offers also the 
advantage that the analysis may be postponed even for a week 
or more without influencing the result. 

2. On addition of iron to a serum of high latent iron-binding 
capacity the serum color (Ej) changes so that the light adsorp- 
tion increases in the blue field of the spectrum. On addition of 
iron to a serum of no latent iron-binding capacity Ihe color 
changes but quite slightly or not at all. 

In their calculation of the amount of iron reading with phenan- 
throline, Holmberg & Laurell found it justifiable to suhlracl E, 
from Eo, 

Subsequently Schade & Caroline (1946) observed »a typical 
salmon pink colour* in the serum after addition of iron just 
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as they (1944) had found the white of hen’s egg to be colored 
pink, as it specifically binds Fe++ ions. Like Holmberg & Laurell, 
they found the increase in color (Ei) to appear successively on 
the addition of very small amounts of iron and to attain its maxi- 
mum at the saturation limit. It has been possible to establish 
that the correct value for the phenanthroline iron formation 
is obtained by subtracting from Eg. For when the phenan- 
throline iron is removed from the serum by adsorption with 
activated charcoal (see p. 17), there still remains the color dif- 
ference Ej between the serum enriched in iron and the control. 

Holmberg & Laurell and Schade & Caroline found that the 
increase in serum color after addition of ferrous iron attained its 
highest value when iron was added up to the saturation limit. 

The writer investigated therefore whether the change in serum 
color after addition of iron might be directly proportional to the 
latent iron-binding capacity of the serum. In 40 sera from normal 
subjects and patients the serum iron was determined as well as 
the saturation limit (after method C) and the increased extinction 
value (El) after enrichment of the serum with ascorbic acid- 
reduced FeClg above the saturation limit. Ej was measured in 
the way described on p. 14. The results are recorded in Fig. 2. 

In Fig. 2 the increase in serum color after addition of iron is 
plotted on the ordinate, the latent iron-binding capacity along the 
axis of abscissas. From this figure it is evident that a single deter- 
mination of the change in serum color after iron enrichment gives 
an approximate expression of the latent iron-binding capacity of 
serum. With a normal or low latent iron-binding capacity the 
increase in serum color gives a very uncertain value for the latent 
iron-binding capacity. Presumably this is due to the circumstance 
that the iron-ascorbic acid solution added does not react alone 
with the iron-binding compound but also with the other colored 
components of the serum. 

Serviceability of Method A. 

Subsequently more simple methods have been worked out for determina- 
tion of the iron-binding capacity of the serum (methods B and C). Foi 
particular purposes, however, method A may stilt be preferable. In estima- 
tion of the iron-binding capacity, for instance, of hen’s eggwhitc after method 
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Fig. 2. Relation between the change in serum color (read with filter S 50 
and cuvette layer 1 cm.) on administration of iron and the latent iron-binding 

capacity of serum. 


B or G it is difficult to obtain a clear filtrate after precipitation of albumin 
with trichloracetic acid; and this makes the results highly uncertain. On the 
other hand, the latent iron-binding capacity of raw eggwhite may readily 
be determined after method A. 


Method B. 

Freundlich & Birstein (1927) have shown that the ferrous salts 
of o-phenanthroline and aardipyridyl are adsorbed by activated 
charcoal. The adsorbent affinity is almost just as high as for 
aniline and phenol. 

On the basis of this observation a new method has been worked 
out for determination of the iron-binding capacity of serum. 

2 
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Principle. — Iron is added to the serum; then phenanthroline 
and sodium hydrosulphite are added. Phenanthroline is allowed 
to enter into a complex compound with the loosely bound iron, 
the mixture being left standing for 1 hour — just as in method A. 
Then the phenanthroline iron is adsorbed with activated charcoal. 
After this adsorption only non-phenanthroline-reacting iron re- 
mains in the serum. Then the value for the saturation limit is 
obtained by means of an ordinary assay of the iron present in the 
serum after the adsorption. 

Performance of Assay. — To 5 ml. serum (pH ca. 8) is added 
0.25 ml. ferrous iron solution (100 y/ml.). Then a dozen phenan- 
throline crystals are added to the mixture, in which they dissolve 
under repeated shaking in the following hours, whereafter about 
5 mg. sodium hydrosulphite is added. The mixture is left stand- 
ing for 1 hour, whereafter 100 mg. charcoal is added. After re- 
pealed shaking during the following 5 — 10 min., the charcoal is 
separated from the serum by centrifuging or filtration. Finally, 
in ordinary serum iron determination is performed on 4 ml. of 
the adsorbed serum, which is free from phenanthroline as well 
as phenanthroline iron. 

4.25 

Calculation: 1045X— ^ Xextinction=the amount of iron (y) 
bound by 100 ml, serum. 


Discussion. 

The adsorbent here employed was carbo activatus (fiir Urin- 
analyse [Merck]). The iron content of the charcoal, determined 
after ashing, was about 0.3 ^/o. In order to cut down this iron 
content, the charcoal was boiled with hydrochloric acid. 

In the first experiments the values obtained for the saturation 
limit were generally too high as compared with the values ob- 
tained after method A. This was difficult to explain, as the serum 
color after the adsorption indicated that no phenanthroline iron 
remained in the serum. Furthermore, by control tests it could be 
established that the serum did not absorb any iron from the 
charcoal even though this was not iron-free. 
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Adsorption experiments with phenanthroline iron in aqueous 
solutions. 

Charcoal was added to a solution of phenanthroline iron in 
phosphate buffer (pH ca. 7), after which the solution soon was 
decolorized. After removal of the charcoal by centrifuging the 
solution was perfectly colorless. But when now phenanthroline 
was added to the clear solution, the color partly returned, due to 
the formation of phenanthroline iron. Thus it was obvious that 
free iron ions appeared in the solution when the phenanthroline 
iron was adsorbed on charcoal. This was rather surprising, as 
phenanthroline iron is stated to be a most stable complex at neu- 
tral or slightly acid pH. 

In order to establish that the free iron ions which appeared in 
the solution after adsorption of phenanthroline iron did not origi- 
nate from iron impurities in the charcoal, this was rid of iron 
as far as possible. 

But it was difficult to lower the iron content of the charcoal as far as 
desirable. This iron in the coal showed optimal solubility in 1 — 2 N HCl. In 
order to lower the iron content in a desirable degree the charcoal had to 
be boiled with the acid for two months (the acid was removed by filtration 
and replaced by fresh acid twice a day). After this, the charcoal was neu- 
tralized by repeated boiling with dilute ammonia. Finally the charcoal was 
boiled repeatedly with water and a weak phosphate buffer (pH 7) till the 
water showed neutral reaction. 


The iron content of the charcoal purified in this wav was about 
3 Y iron/100 mg. charcoal. The adsorbent affinity of this charcoal 
for phenanthroline and phenanthroline iron was high, notwith- 
standing its protracted treatment (see Fig. 3). 

From Fig. 3 it is evident that phenanthroline is more ad- 
sorbable on charcoal than is phenanthroline iron. Indeed, this was 
also to be expected, as phenanthroline iron is more water-soluble 
than phenanthroline. 


Noxv the ei^periments were repeated with the purified charcoal 
m order to ascertain where the free iron ions originated from 

m«strating how 

phenanthrolme iron is dissociated in part when charcoal is added 
a solution of phenanthroline iron. In this experiment the 
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Fig. 3. Adsorption of phenanlhroline and phenanlhroline iron b}' activated 
carbon. Volume of solution: 4 ml. Activated carbon employed; 10 mg. 
A: Quantitj' adsorbed at adsorption equilibrium. S: Concentration in the 
bulk of the solution at adsorption equilibrium. The values are given as the 
amount of iron equivalent to phenanthroline. 

Fig. 4. Changes in the iron concentration of the phenanthroline iron solution 
on addition of activated carbon. 


phenanthroline iron concentration was of the same magnitude 
as in the determination of the saturation limit on serum. 

An aqueous solution (II) of phenanthroline in M/15 phosphate buffer after 
Sorensen (pH G.5) was diluted so that exactly 1 ml. was required for the 
complex binding of 1 ml. iron standard (Fe++). Another phenanthroline 
solution (I) was prepared by diluting solution II ten times. 0.4 ml. Fe++ 
standard was mixed with 4 ml. of solution I in a series of tubes. The solu- 
tion obtained was thus practically free from ferrous ions as well as phenan- 
throline. Increasing quantities of phenanthroline in excess were added in the 
form of solution II. The last tube was saturated with phenanthroline crystals. 
Then the solution in each tube was adsorbed on charcoal. After shaking the 
mixture with charcoal for 10 — 15 min., the coal was separated by centrifuging. 
After this, the solution was treated with phenanthroline crystals and with 
sodium hydrosulphite, so that any free Fe++ ions would react with the 
phenanthroline. The quantity of iron liberated by the adsorption could later 
be delermincd colorimetrically. Prior to the adsorption, all the specimens 
contained phenanthroline iron corresponding to 645 y ®/o Fe. 

In the experiment described, complete absence of color was 
obtained in all the lubes with 25 mg. and 100 mg. charcoal. With 
10 mg. charcoal, only the first two tubes were colorless after the 
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adsorption. With an excess of phenanthroline (11=0.4, 0.8, 1.6 
and crystalline phenanthroline) the following concentrations of 
non-adsorbed phenanthroline iron were obtained; 60, 124, 210, 
338 ®/o (phenanthroline iron reckoned as iron). 


Table 1. 

Formation of Fe++ ions on addition of activated charcoal to a 
solution of phenanthroline iron [(Cj2lf8N2)3Fe].++ 


Fe++ 

standard 

ml. 

Buffer 

HjO 

Fe++ concentration in 

solution 

I. 

ml. 

II. 

ml. 

after adsorption 

ml. 

10 mg. coal 

Y ®/o 

25 mg. coal 

Y ®/o 

100. mg. coal 
Y ®/o 

0.4 

4 

0 

1.6 

89 

90 

90 

0.4 

4 

0.2 

1.4 

56 

53 

24 

0.4 

4 

0.4 

1.2 

40 

30 

0 

0.4 

4 

0.8 

0.8 

11 

- 

0.4 

4 

1.6 

0 

4 

0 

0 

0.4 

4 

Phen. 

cryst. 

1.6 

(12) 

0 

0 


From Table 1 it is evident that the appearance of free iron ions 
m the solution after adsorption of phenanthroline iron can be 
prevented by addition of phenanthroline in sufficient excess. The 
greater the amount of charcoal employed, the lesser excess nf 

bent substance is not sufficient to eliminate the nhemnibrni* 
non from the solution in the presence of nW I Pf «aanthrohne 
PifT 1 cVir. T- ^ esence ot phenanthroline in excess 

big. 4 shows schematically how the Fp++ inn . 
varied when activated charcoal is added m . ^''n^entralion 
throline iron. The concentration of Fe++ il! 
mum within the first minute after addition of the^f “ 
on, the concentration falls JT fl u 
constant value after 10—15 min Thf d ’r ^ Practically 

represents a new eomplef fo”matln h!, ™® “rve 
nanlhroline and the Fe++ ions in th “Sorbed phe- 

e«ess of phenanthroline in the ptoantl r '>>n 

■norn -m the curve be flat.eLd <he 
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than is phenanthroline iron (Fig. 3). Thus the dissociation equi- 
librium in the system (Ci 2 H 8 N 2 ) 3 Fe++ ^ Fe+++3 CiaHgNa shifts 
from left to right when the charcoal is added. This may practically 
be prevented completely, however, by addition of phenanthroline 
in excess prior to the charcoal adsorption. 

Adsorption of Phenanthroline Iron from Serum. 

When an iron-saturated serum containing phenanthroline iron 
is treated with charcoal, this will adsorb the phenanthroline iron. 
The iron content of the serum after the adsorption will be equal 
to the saturation limit if the serum contains an excess of phenan- 

( 3 (C H N ) \ 

—^>5). If the experiment is performed with- 

out the addition of phenanthroline in excess, after the adsorption 
the serum will still contain some loosely bound iron. 

If, on the other hand, charcoal is added to a native serum 
enriched with phenanthroline iron, the iron-binding compound 
will take up the iron ions liberated by the adsorption and prevent 
them from being bound again by the adsorbed phenanthroline. 
On adsorption, therefore, the iron content of the serum increases 
to a concentration that corresponds to the value for the satura- 
tion limit. Even by working with a very large excess of phenan- 
throline it is not possible in this case to prevent the iron-binding 
compound from taking up some iron, i.e., the serum iron will 
increase. 

Method C. 

This was the routine method employed in the present studies. 
If nothing else is stated explicitly, all determinations reported in 
the following were performed after this method. 

Principle. — The first steps of the analysis are carried out after 
the same principle as in methods A and B. 

I. The serum is enriched with an iron salt. On addition of 
phenanthroline and sodium hydrosulphite the loosely bound iron 
enters into the complex phenanthroline iron. 

II. The serum iron determination is made directly on the serum 
containing a mixture of protein-linked iron and phenanthroline 
iron. The iron content of the filtrate after precipitation of protein 
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gives an expression for the protein-linked iron — owing to the 
following facts, which will be analyzed later on: 

a) On addition of 6 N hydrochloric acid to serum, the protein- 
linked iron is dissociated and becomes filtrable. 

b) On addition of trichloracetic acid the phenanthroline iron 
is precipitated. 

c) At room temperature the phenanthroline iron dissociates but 
very slowly, in spite of the acid milieu. When it is precipitated, 
its dissociation rate is even more slow. 

d) Under the given conditions no phenanthroline iron is formed 
anew in the strongly acid milieu at any measurable rate. 

Performance of Assaij. — Serum free from hemolysis that has 
been stored at — 20° is thawed and mixed thoroughly. 

4 ml. serum is pipetted into each of two test tubes. To one 
tube is added 0.15 (0.2) ml. — to the other tube 0.25 (0.3) ml. — 
of ascorbic acid-reduced ferric chloride. To the first lube 0.1 ml. 
water is added — to make the same volume in the two lubes. 

To either tube is added 0.2 ml. phenanthroline solution and 
about 5 mg. sodium hydrosulphite. After thorough mixing, the 
specimens are left standing for 1 hour. 

In two 50 ml. flasks, 2 ml. water is mixed with 3 ml. hydro- 
chloric acid (6 N) and — after one hour — 4 ml. of the serum 
mixture is allowed to run down slowly into each flask under 
cautious shaking, so that a fine floccular precipitate is obtained. 
After 10 min,, 6 ml. trichloracetic acid is added; and the mixture 
is filtered after additional 10 min. 

7.5 ml. of the filtrate is transferred to a 12.5 ml, volumetric 
flask and neutralized with ammonia till color reaction of para- 
nilrophenol. 0.2 ml. sodium acetate is added, whereafter the mix- 
ture is acidified with N/2 HCl, until the yellow paranitrophenol 
color disappears, and the pure phenanthroline iron color is ob- 
tained. 

Now 0.5 ml. phenanthroline solution and about 5 mg. sodium 
hydrosulphite are added, and the flask is filled with redistilled 
water to the 12.5 ml. mark. The contents are mixed at once in 
order to avoid any local excess of acid and hydrosulphite in the 
neck of the flask. 



24 


After 30 min., at the earliest, the color of the specimen is read 
against a control which is made up in the same way as the con- 
trol for serum iron determination. 

The results were read in a Pulfrich photometer, with a layer 
of 3 cm., and with filter S 50. 

4.45 

Calculation: 1045X— ^ Xextinction=the amount of iron (y), 
hound hy 100 ml. serum. 

If the determination has to be made on a smaller amount of serum, it is 
more suitable to use 5 cm. microcuvettes for the reading. This requires only 
an end-volume of 1 ml., and thus the analysis may be carried out on less 
than 1 ml. serum. 

Reagents. — The same reagents are used as for determination of serum 
iron. Saturated aqueous phenanthroline solution. 

Discussion. 

In its first stage, the method is based on the same principle as 
methods A and B. Iron is added to the serum, and the iron ions 
which are not bound specifically to the serum are linked into the 
phenanthroline complex. As will be pointed out in detail later on 
(Chapter II, p. 48), during the development of the color reaction 
the serum pH has to be kept between 8 and 7.5, as a lower pH 
will give too low values. Freshly centrifuged serum (or plasma) 
has pH ca. 7.5 — 8.2, depending on the amount of carbon dioxide 
given off under the centrifuging. The determination cannot off- 
hand be made on a serum with pH 7.5, as the addition of iron 
standard and hydrosulphite for reduction of the loosely bound 
iron gives a shift of pH in acid direction. The extent of this 
acidification will depend primarily on the amount of hydro- 
sulphite (Table 2). 

In order to standardize the experimental conditions as far as 
possible, all the serum specimens have been frozen at 20 and 
stored for 24 hours before their analysis. As a result of this, car- 
bon dioxide has been given off so that the serum pH after thawing 
has been about 8.2. Storage at frozen state prevents any"^ bacterial 
growth in the serum, and its iron-binding capacity keeps un- 
changed at least for one week. 



Table 2. 

Changes in serum pH on addition of sodium hijdrosulplnte. 
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Sodium hydrosulphite added to 

4 ml. serum mg. 

pH 

0 

8.25 

5 

7.95 

10 

7.5 

25 

7.0 


In the second stage of the analysis the protein-linked iron is 
ionized by addition of 6 N HCl. The protein and phenanthroline 
iron are precipitated with trichloracetic acid, so that filtration of 
the mixture gives a filtrate free from protein and phenanthroline 
iron. The iron content of the filtrate thus corresponds directly 
to the amount of iron bound by serum in a non-phenanthroline- 
reacting, acid-soluble form. This statement is based on observa- 
tions made on reactions of phenanthroline and phenanthroline 
iron in acid milieu. 

1. In a mixture of serum, phenanthroline and phenanthroline 
iron, both the phenanthroline and the phenanthroline iron are 
easily dialyzable. When the serum is acidified with 6 N hydro- 
chloric acid, the protein is precipitated in part, adsorbing partially 
both phenanthroline and phenanthroline iron. The pH of the 
solution is about O. Phenanthroline iron constitutes a practicallv 

undissociated iron complex within the pH range of about 1.3 9. 

So, in the hydrochloric acid-serum mixture the phenanthroline 
iron ought to be dissociated. Blau (1898) has shown that phenan- 
throline iron is dissociated slowly in a weakly acid milieu. In a 
strongly acid milieu the reaction proceeds very rapidly on heating, 
but slowly when the mixture is kept cold. The rate of dissociation 
at room temperature is evident from Table 3, in which phenan- 
throline iron correlated with dipyridyl iron (stable within the pH 
range of 3 — 3.5 to 8.5). 

6 ml. of the complex salts in aqueous solution are mixed with 3 ml. 
6 N HCl. The extinction of the mixture was read after various lengths of 
time in 1 cm. cuvettes (filter S 50). As the dissociated complex is co'lorless, 
the extinction value is directly proportional to the amount of undissociated 
complex in the solution. 
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Table 3. 

Dissociation rate of phennnthroline iron and of dipyridyl iron in 

2 N hydrochloric acid. 


Phenanthroline iron 

Dipyridyl iron 

Time in min. 

Extinction 

Time in min. 

Extinction 

0 

1.000 

0 

1.000 

10 

0.980 

1 

0.970 

20 

0.960 

5 

0.880 

40 

0.920 

8 

0.830 

70 

0.890 

11 

0.775 

1440 

0.210 

20 

0.640 



60 

0.250 


In method C the phenanthroline iron is exposed to the action 
of hydrochloric acid for 10 min. and to hydrochloric acid+tri- 
chloracetic acid for 10 — 20 min. Experimental data show, how- 
ever, that the dissociation of phenanthroline iron proceeds at a 
lower reaction rate in a mixture of serum and hydrochloric acid 
than in an aqueous solution of phenanthroline and hydrochloric 
acid. Presumably, the reason for this may be found in the fol- 
lowing facts; a) serum acts as a buffer; b) the phenanthroline 
iron complex is adsorbed partially on the precipitated protein 
particles, so that the activity of the complex is lowered. As pH 
on the surface of the protein particles is more alkaline than in 
the main part of the solution, the conditions for dissociation are 
less favorable for adsorbed than for free phenanthroline iron. 

By theoretical and experimental studies, Danielli (1942) has shown that 
>the pH at the surface of a protein molecule is different from that in the 
surrounding bulk phase*. This phenomenon is associated with the »protein 
error* on determination of pH by means of indicators. »The indicator, if 
adsorbed, tends to give the pH of the surface phase and not of the bulk 
phase*. If a protein is positively charged, the pH will be greater on the 
protein surface than in the bulk phase. In studies of ovalbumin Danielli 
found a difference of more than 1 pH unit between the surface phase and 
the bulk phase when pH of the medium was 2. So the chance of dissociation 
is more favorable for free than for adsorbed phenanthroline iron. 

2. It is of the greatest importance to the serviceability of the 
method, however, to see that the phenanthroline iron is precipi- 
tated on addition of trichloracetic acid. This applies also to 
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Table 4. 

Saturation limit determined after method C with phenanthroline 
and with dipyridyl as complex builders of loosely hound iron. 


Concentration of 
iron in serum 

Y °/o 

Saturation limit (y %) on 
analysis with 

Phenanthroline 

l)ip 3 ’ridyl 

465 

269 

280 

590 

276 

314 

715 

274 

346 

840 

275 

380 


phenanthroline iron in aqueous solution, where it is precipitated 
as an amorphous powder. After 12 hours, needle-shaped brownish- 
red crystals are obtained. After precipitation of the complex, its 
dissociation proceeds but very slowly. Phenanthroline is not pre- 
cipitated by trichloracetic acid.^ Dissociation of dipyridyl iron 
occurs in more acid solutions than pH 3. Table 4 gives some 
comparative results from determination of the saturation limit 
after method C, partly with phenanthroline as complex builder, 
partly with dipyridyl. From the data given it will be noticed that 
up to about 25 Vo of the dipyridyl iron undergoes dissociation 
before the filtration is finished. 

3. How tlie dissociation of phenanthroline iron in acid milieu 
is inhibited by cold is evident from the following experiment. 

With employment of method C, up to about 1 ®/o of the phenanthroline 
iron is dissociated before the filtration is over. In order to be able to de- 
monstrate the difference in the outcome, whether the analysis is performed 
at room temperature or at a low temperature, some experiments were carried 
out with about 100 times more phenanthroline iron in excess than usually. 
The serum was enriched partly (a) with about 200 y ®/o Fe++, partly (b) with 
about 12000 y Fe++ over the saturation limit. Crystalline phenanthroline 
was added in excess to both serum portions. In each experimental series 2 
specimens were treated with acid at room temperature, 2 at about 0°. All the 
specimens were filtered at room temperature. The results of the analysis were; 


^ Correspondingly, dipyridyl iron — but not dipyridyl — is precipitated 
on addition of trichloracetic acid. Also the copper and zinc complexes of 
phenanthroline and dipyridyl are found to form crystalline compounds with 
trichloracetic acid in acid milieu. 
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Room lemperature About 0° 

Serum (a) 293 y'^/o 295 y ®/o 

» (b) 522 Y 308 y ®/o 

When the hydrochloric acid is added to the serum at 0° the 
dissociation of phenanthroline iron can be lowered to practically 
0 within the period employed. From a practical point of view 
the dissociation is even so low at room temperature that it may 
be left out of consideration. 

4. On addition of hydrochloric acid to the serum, the protein- 
linked iron is ionized. In method C this takes place in the presence 
of phenanthroline and hydrosulphite. The shift in pH on the 
acidification cannot take place instantaneously. So, conceivably 
some of the just ionized iron may have time to enter into complex- 
binding with the phenanthroline before the shift in pH passes 
1.3, where the reaction is inhibited. If this were the case, the 
values obtained for protein-linked iron would be too low. In order 
to ascertain whether this might be the case, the following experi- 
ment was performed: 

The serum iron content was determined in 2 series of tests. Phenanthroline 
was added to half of the specimens. Sodium hydrosulphite (5 mg.) was added 
to all the specimens. The results obtained are recorded in Table 5, from 
which the presence of phenanthroline appears not to have any influence on 
the outcome. 


Table 5. 


Serum iron y o/o 
(Serum hydrosulphite) 

Serum iron y O/O 
(Serum -j- hydrosulphite 
-1- phenanthroline) 

186 

189 

188 

189 

180 

182 

214 

218 

211 

214 

209 

212 


Incomplete complex-binding may take place also at a pH lower 
than 1.3. 

Therefore, the serum was saturated with phenanthroline in order to attain 
the optimal conditions for complex building in the acid medium. 
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Table 6. 


Normal serum 
sample 

A 

B 

serum iron 

serum iron 

serum iron 

Y O/O 

T ®/o 

Y % 

300 

276 

275 

273 

287 

273 

295 

277 

273 


A) The serum saturated with phenanthroline was left standing with hydro- 
chloric acid for 1 hour before trichloracetic acid was added. 

B) In this series also the trichloracetic acid was added in the beginning, 
and the mixture was left standing for 1 hour. The serum had been enriched 
with iron below the saturation limit. Hydrosulphite was added to all the 
specimens. The results obtained are recorded in Table 6. 

From these experimental results it is evident that no phenan- 
throline iron is formed when the serum is acidified with 6 N HCl 
in presence of phenanthroline. 

5. A prerequisite of the method is that the amount of hydro- 
sulphite added to the iron-enriched serum is sufficient for quanti- 
tative reduction of all the iron exceeding the saturation limit. 
The amount of hydrosulphite required for this was estimated in 
the following experiment (Table 7) : 

32 ml. serum was mixed with 1.6 ml. Fe standard (100 -y/ml.) and 1.6 ml. 
phenanthroline solution (saturated aqueous solution). The experiment was 
performed in two series of tests. In one the added iron was reduced with 


Table 7. 

Estimation of the addition of sodium hydrosulphite to a serum 
enriched with iron required for quantitative reduction of loosely 

hound iron. 


Hydrosulphite 
added to 4 ml. 
serum mg. 

Non-phenanthroline-reacting iron 
(Y °/o) when iron was added as 

Fe++ 

Fe+++ 

0 

372 

544 

1 

314 

377 

2.5 

315 

315 

5 

312 

304 

7.5 

316 

311 

10 

311 

307 
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ascorbic acid (20 mg. ascorbic acid to 20 ml. Fe standard). In the other 
series the added iron was not reduced. In both series the serum contained 
about 540 y ®/o iron. Hydrosulphite was added in varying amounts. Before 
the addition of sodium hydrosulphite the serum pH was about 8. One hour 
after the addition of hydrosulphite, the amount of non-phenanthroline- 
reacting iron was determined. 

If serum is enriched with iron to about 100 y ®/o over the satura- 
tion limit, 1 mg. hydrosulphite per 4 ml. serum appears sufficient 
to reduce this iron quantitatively. In order to make sure of a 
satisfactory margin of safety, however, a double amount of hydro- 
sulphite has been used in the experiments. 


Determination of the Saturation Limit in Hemolytic Sera. 

Heilmeyer (1937) has shown that a moderate degree of hemo- 
lysis is of no consequence to the serum iron determination. The 
hydrochloric acid used in this determination liberates iron from 
the hemoglobin so slowly that the amount of iron thus liberated 
in 10 min. is quite negligible. 

The amount of iron liberated from hemolyzed red blood cells 
by acid (easily split-off iron) was found to be a function of the 
acid, its concentration, time and temperature (Venndt 1940). 

Under the action of acid, iron is liberated from carbon mon- 
oxide hemoglobin more slowly than from oxyhemoglobin (e.g. 
Venndt 1940). 

When a solution of hemoglobin is acidified in the presence of 
a reducing substance (thiogly collie acid, hydrosulphite) the iron 
is liberated much more rapidly than in the absence of a reducing 
substance (Shorland & Wall 1936, Borgen & Elvehjem 1937). 

When the saturation limit is determined on a strongly hemo- 
lytic serum, the values obtained will be higher than for the non- 
hemolytic serum. This is due to the circumstance that the iron in 
hemoglobin is bound in a non-phenanthroline-reacting form, and 
when the serum is acidified in the presence of a reducing sub- 
stance, the hemoglobin iron will be ionized partially. 

From carbon monoxide hemoglobin the iron is ionized far more 
slowly in acid milieu in the presence of a reducing substance 
than from oxyhemoglobin. The following experiments show how 
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it is possible to lower the experimental error by means of carbon 
monoxide in determination of the saturation limit and serum iron 
in hemolytic sera. These experiments were carried out with 
considerably larger amounts of hemoglobin than are obtained in 
ordinary sampling of the blood. (Heilmeyer [1937] designates 
even the presence of 30 — 40 mg. ®/o hemoglobin in the serum as 
marked hemolysis.) This was done in order more readily to 
establish the influence of the hemoglobin. 

a. Effect on hemolysis on the serum iron values obtained at 
determination in the presence of hydrosulphite: 

60 ml. serum was divided into 3 portions, to two of which the hemoglobin 
solution was added (derived from washed hemolyzed erythrocytes). 

Portion A contained native serum. It was saturated with CO. 

» B s > » +hemoglobin. Saturated with CO. 

s C > > » + » 

All three portions were left standing with hydrosulphite for 1 hour, and 
then the serum iron content was determined in the usual waj'. The results 
are given in Table 8. 


Table 8. 

Effect of hemolysis on the serum iron values obtained on analysis 
in the presence of sodium hydrosulphite. 


A 

Serum -f- CO 
Y 0/0 Fe 

B 

Serum Hb 
-f COyO/o Fe 

C 

Serum -{- Hb 
Y.o/o Fe 

Hemoglobin 
concentration 
mg. o/o 

104 

116 

238 

380 

101 

114 

230 

> 

99 

110 

240 



b. Effect of hemolysis on the saturation limit values: 

Like the preceding, this experiment was performed with 3 serum portions, 
two of which were enriched with hemoglobin. The saturation limit was deter- 
mined in the usual way. The results are recorded in Table 9. 

When this experiment was modified in this way that the serum was not 
saturated with carbon monoxide till it had been standing with hydrosulphite 
for one hour (that is, immediately before it was acidified), this had no effect 
on the outcome. 

As early as 1933 Barkan showed that saturation of the serum 
with carbon monoxide prior to the determination of its iron 
content has no influence on the values for serum iron. Thus it 
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Table 9. 

Effect of hemolysis on the saturation limit values. 


A 

Serum y ®/o 

B 

Serum + Hb CO 
Y °/o 

C 

Serum -{- Hb 

Y °lo 

Hemoglobin 
concentration 
mg. 0/0 

282 

278 

3.S4 

230 

286 

274 

364 

230 

28t 

286 

370 

230 


has been possible to confirm this observation and also that car- 
bon monoxide has no influence on the results in determination 
of the saturation limit on a serum free from hemolysis. 

Conclusion: The serum obtained from any specimen of blood 
can be demonstrated spectroscopically to contain some hemo- 
globin. The insignificant hemolysis usually present has no dis- 
turbing effect on the determination of the saturation limit for 
iron. Only when the hemolysis thus obtained is so strong that 
the naked eye distinctly notices an admixture of red in the usual 
serum color will the values for the saturation limit have a ten- 
dency to be somewhat too high, but any pronounced error in the 
determination appears only on analysis of strongly hemolytic sera. 
From the experimental results here recorded, however, it is evi- 
dent that a determination of the saturation limit still is practicable 
if only the serum first is saturated with carbon monoxide. 


Experimental error in determination of the saturation limit after 

method C. 

Prom the results of 300 duplicate determinations on sera with 
varying saturation limit the experimental error was calculated to 
be ± 6 Y ®/o. For various reasons, however, the experimental error 
obtained by means of duplicate determinations gives a somewhat 
too low value for the methodical error. The more important rea- 
sons .for this are as follows: 

a) The larger the amount of iron added in excess of the iron- 
binding capacity of the serum, the greater is the error of the 
determination. For, in the course of the analysis the loosely bound 
iron is transformed to phenanthroline iron, which later — when 
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the mixture is acidified — is dissociated in iron (up to about 1 ‘’/o) 
and phenanthroline, making thus the value for the saturation limit 
somewhat loo high. 

b) The influence of the hemolysis is not reflected by duplicate 
determinations. 

In the analysis, iron is always added in excess, and hence a 
systematic methodical error corresponding to 1 Vo of the phenan- 
Ihroline iron formed is unavoidable. Of course, this error can be 
calculated in each individual case, but usually it does not amount 
to more than a couple of y Vo, and therefore it has not been taken 
into account in the present work. 

In determination of the saturation limit on clinical material 
duplicate analyses were carried out on every serum examined. 


Other Analytical Methods Employed. 

For determination of various other components of the blood 
the following methods have been used: 

Hemoglobin was determined after Authenricth & Konigsberger (100 “/o 
Hb=20.5 vol. ®/o O 2 ). 

Citric acid content of the serum was determined after the enzymatic 
method. Upper normal limit: 28 y ml. 

Phosphatases (alkaline) in the .serum were determined after Buch & Buch 
(modified King-Armstrong method). Upper normal limit: 9 units. 

Bilirubin in serum was determined after Jendrassik & Grof. Upper normal 
limit: 1.3 mg. ®/o. 

Serum protein was determined after a modification of the Kjeldahl method 
for determination of nitrogen. The protein values given in Table 31 (p. 79) 
were obtained after Plimmer (modification of Van Slyke’s copper sulphate 
method) . 

Serum albumin was estimated after precipitation of the globulins with 
saturated sodium sulphate at 37'^. 

Thymol, Turbidity test (MacLagan): The readings were made in a Pulfrich 
photometer. Upper limit of normal variation: 0.10. 


3 



Chapter II. 


Aspects on the Linkage of Iron in 
Iron-enriched Sera. 

Adsorption-analytical Determination of the Saturation 
Limit of Serum after Enrichment \vith Ferrous 
and with Ferric Salts. 

The methods {A, B and C) described in the preceding chapter 
for determination of the iron-binding capacity of serum are all 
based on the circumstance that iron added to the serum in excess 
of the saturation limit reacts with phenanthroline in the presence 
of hydrosulphite. The value obtained in the saturation limit is 
the same whether the iron is added in a ferrous or ferric form. 
From this result it is not practicable, however, to decide whether 
the iron-binding protein in the serum may enter a complex 
linkage both with ferrous and ferric ions, or whether only ferrous 
ions may be taken up in this complex. This is due to the difficulty 
in deciding whether the iron in enrichment with a ferric salt is 
bound only after the addition of hydrosulphite, that is, when the 
ferric iron has been reduced. Still, there is evidence to the effect 
that the iron-binding protein is capable of complex linkage with 
ferric iron as well as ferrous iron. 

On enrichment of serum with ferrous ions as well as ferric a 
red color appears in the serum. The increase in the intensity of 
this color on addition of iron gives an approximate idea about 
the iron-binding capacity of the serum (cf. p. 16). This holds true 
regardless of the valence of the iron. 

Barkan (1933) thought he had been able to show that on addi- 
tion of iron to serum the added iron is adsorbable on aluminium 
hydroxide, while the native protein-bound iron is not adsorbed. 



35 


He performed only a couple of experiments on serum (most of 
the experiments on Avhole blood) and from them he dre^v the 
conclusion that it is possible by aluminium hydroxide adsorption 
to separate the original protein-bound iron from the iron added 
to the serum. On going through his figures as recorded, however, 
it will be noticed that in both of the experiments reported he 
found a greater iron content of the serum after the adsorption 
than before the enrichment with iron. He ascribed this difference 
to the small amount of adsorbent employed. 

The experiments described below show that iron added to se- 
rum over the saturation limit may be adsorbed on aluminium 
hydroxide, whereas the protein-bound iron (under the saturation 
limit) is not adsorbed. It is further demonstrated that ferrous 
ions and ferric ions enter into complex linknge with the serum 
protein in the same quantity. 


Adsorption experiments with AUO^ (I\Ierck’s preparation for 
chromatographic adsorption analysis after Brockmann). 

a. Adsorption of serum enriched below the saturation limit. 
Scrum wilh an iron conlcnl of 30 y */o was enriched with FcClo to 176 y ®/o. 

The saturation limit, determined after method A, was about 260 y ®/o. 4 ml. 
serum was pipetted into each tube, and aluminium oxide was added in 
amounts varying between 0.2 and 1.5 g. Tiic tubes were shaken for 10 min.; 
then the adsorbent was separated by cejitrifuging. 

Serum iron determination after the adsorption showed the same 
value as before the adsorption. 

b. Adsorption of serum enriched far above the saturation limit. 

Serum with an iron content of 125 y ®/o was enriched with FeCla to 940 y ®/o. 
The saturation limit, determined after method A was found to be 239 y ®/o. 
The serum was adsorbed with varying amounts of aluminium oxide, and the 
serum iron content was determined after separation of the adsorbent b 5 ' 
centrifuging. 

From Table 10 it is evident that wilh increasing amounts of 
adsorbent the value for the non-adsorbed iron approaches asymp- 
totically the value for the saturation limit. 

c. Adsorption of serum successively enriched above the satura- 
tion limit. 
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Table 10. 

Adsorption of loosely bound iron with Al^O^ (Brockmann). 


Serum ml. 

g. 

Y °/o iron after 
adsorption 

5 

0.5 

433 

5 

1 

289 

5 

2 

251 

5 

3 

238 


Table 11. 

Adsorption experiment (Al^Of) with serum enriched successively 

over the saturation limit. 


Serum ml. 


Y ^/o iron in serum 
after addition of Fe 

Y °;'o iron after 
adsorption 

6 

2 

(110) 

115 

6 

2 

194 

201 

6 

2 

277 

225 

G 

2 

361 

233 

6 

2 

614 

240 


The initial iron content of the serum was 110 y Then serum was 
enriched with FeCl 2 . The saturation limit, determined after method A, was 
found to be 217 f ®/o. 

From Table 11 it will be noticed that before the saturation 
limit was reached no iron was adsorbed on the aluminium hydr- 
oxide. After the serum was enriched above the saturation limit 
all further addition of iron was adsorbed almost quantitatively 
on the aluminium hydroxide. 

By measuring pH after adsorption it was found that, through 
the influence of the aluminium oxide, pH was shifted to about 
9 by employment of 2 g. adsorbent. As these experiments pri- 
marily were aimed to examine the iron-binding capacity of serum 
at physiological pH, the adsorption method with aluminium oxide 
(Brockmann) was not elaborated further. From the experiments 
recorded above, however, it is evident that with the amount of 
adsorbent here employed the native protein-linked iron is not 
adsorbed at pH 9, that iron bound in enriched serum within the 
saturation limit behaves like the native serum iron as far as 
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adsorption is concerned, that the iron-binding capacity of serum 
appears to be about the same at physiological pH as at pH 9, and 
that ferrous ions as well as ferric ions are bound in a non- 
adsorbable form up to the saturation limit. 

Adsorption experiments with aluminium Cy. 

In the above adsorption experiments with Brockmann’s alu- 
minium oxide the pH of the media was shifted in alkaline direc- 
tion. Now aluminium Cy was prepared after Willstjitter, Kraut & 
Erbacher (1925). When this adsorbent was mixed with serum or 
buffered solutions, the shifting of pH was insignificant. Its ad- 
sorbent affinity proved to be high for ferric ions as well as for 
ferrous ions. 

a. Adsorption of ferrous and ferric ions with aluminium Gy 
(Table 12). 

40 ml. phosphate buffer (Sorensen) with pH 7.7 was enriched in one 
experiment witli FeClo, in another with FeCla, and distributed on two series 
of tubes. Then different amounts of AlCy were added, \yator was added to 
make the same volume in all the tubes. The iron concentration of the solu- 
tions was determined, after the adsorbent had been separated by centrifuging. 
The results are given in Table 12. 

Table 12. 


Adsorption of ferrous and ferric ions with AlCy at pH 7. 


1 AICy ml. 

Buffer ml. 

HjO ml. 

Fe+++ 
y f’/o free 

Fe++ 

Y 0/0 free 

' 0 

5 

4 

640 

640 

0.2 

5 

3.8 

53 

93 

0.5 

5 

3.5 

23 

87 

1.0 

5 

3 

15 

15 

2.0 

5 

2 

9 

6 

4.0 

5 

0 

7 

15 


The influence of the pH of the mixture on the adsorption of 
ferrous and ferric ions on AlCy is illustrated by the following 
experiment (Table 13) : 

Phosphate buffers (after Sorensen) were enriched with iron to about 
700 Y “/o. Then AlCy was added and the specimens were shaken repeatedly. 
After centrifuging for 30 min. the iron content of the solutions was deter- 
mined. 
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Table 13. 


Adsorption of ferrous and ferric ions with AlCy at varying pH. 


AlCr ml. 

Buffer ml. 

pH at 
adsorption 

Fe+++Y o/o 
after adsorption 

Fe++Y o/o 
after adsorption 

0 

5 


700 

700 

0.5 

5 

8.5 

14 

169 

0.5 

5 

7.2 

10 

45 

0.5 

5 

6.5 

4 

12 

0.5 

5 

5.9 

G 

100 


From Table 13 it will be noticed that, within the pH interval 
here employed, is adsorbed more readily as Fe"^"^. Addi- 

tional experiments show that Fe'*”*' is adsorbed very poorly when 
pH of the medium is less than 5.5, whereas Fe‘^++ is adsorbed 
verj’’ well even with pH as low as 4. 

b. Adsorption experiment with AlCy and serum enriched far 
above the saturation limit. 

100 ml. serum was divided in two equal parts. One portion was enriched 
with Fed", the other with FeCls, to about 1120 y ®/o. Two series of tests 
were made, in which the serum was divided in 5 ml. portions, to which AlCy 
was added in varying amounts. Water was added to make the same volume 
in all the tubes. After thorough shaking, the tubes were left standing for 30 
min., whereafter the adsorbent was separated by centrifuging, and the amount 
of serum iron was determined on the solutions. The results are recorded in 
Table 14. In order to make the results more easily comparable with the 
initial saturation limit of the serum — which was determined after method 
C and found to be 290 y "/o — the values obtained for the various tubes 
were converted to values for undiluted serum. 


Table 14. 


Adsorption of loosely bound iron, ferrous and ferric, with AlCy. 


Scrum ml. 

AlCy ml. 

HjO ml. 

Iron content ( 
after ad 

Fe++ 

y o/o) of serum 
sorption 

Fe+++ 

5 

0.2 

3,8 

785 

955 


0.5 

3,5 

632 

860 


1 

3 

544 

700 


2 

2 

452 

488 


3 

1 

410 

386 


4 

0 

38G 

366 

1 0 

G 

0 

368 

340 
















By checking up the pH values it was found that the serum pH 
prior to the adsorption was 8.5, and after the adsorption 8.4. Thus 
pH was rather too alkaline for optimal adsorption of the iron. The 
results show, however, that with increasing amounts of adsorbent 
the iron concentration of the specimens approaches the saturation 
limit (290 y Vo). 

c. Adsorption experiments with AlCy and serum successively 
enriched up ■■tO'and'"above 'the' saturation limit (Table 15). 

In a series of tubes the serum was enriched with increasing amounts of 
iron. The same amount of AlCy was added to all the tubes, which were left 
standing for 90 min. Then the adsorbent was separated by centrifuging, and 
the iron content of the solution was determined. The iron values obtained 
were converted to values for undiluted serum. The adsorption took place at 
pH 7.8. In one series of tubes the serum had been enriched with FeCh, in 
the other series with FeCls. The saturation limit of the serum, determined 
after method C, was 290 y. %. 


Table 15. 

Adsorption experiments (AlCy) with serum enriched gradually over 
the saturation limit with ferrous and ferric iron. 


Serum 

ml. 

AICt 

mi. 

Iron content of 
serum before 
adsorption approx. 

Y o/o 

Fe'f'^ enrichment. 
Iron content after 
adsorption y 

pg+++ enrichment. 
Iron content after 
adsorption y o/o 

5 

4 

80 



5 

4 

180 

175 

150 

5 

4 

230 

200 

— 

5 

4 

280 

248 

240 

5 

4 

380 

308 

287 

S 

4 

480 

316 

298 

5 

4 

580 

308 

294 

5 

4 

680 

310 

298 


In order to demonstrate the great affinity of the iron-binding 
protein for iron, the last experiment was now modified. Increasing 
amounts of iron were adsorbed with 4 ml. AlGy, and then 5 ml. 
serum was added. The mixture of adsorbent and serum was left 
standing for 90 min. in order to enable the serum to take up iron 
from AlGy. Then the adsorbent was separated by centrifuging, 
and the iron content of the serum was determined. The protein 
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^ adsorbed Pe++ 

'• " 




175 

200 

248 

308 

316 

308 

310 


136 

177 

206 

250 

280 

305 

299 
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Starkenstein & Weden (1928) have shown that ferrous salts 
added to serum soon are oxidized. If the serum is enriched with 
ferrous ions in the presence of hydrosulphite, indeed, this oxida- 
tion is prevented. The fact that the iron is taken up by the iron- 
binding protein in the presence of hydrosulphite thus suggests 
ver}^ strongly that this protein is capable of linkage with ferrous 
ions. The adsorption experiments reported above, however, indi- 
cate that also ferric ions may enter into complex linkage with the 
iron-binding protein of the serum to the same extent. 


Does the Native Serum Iron-protein Complex 
contain Ferrous or Ferric Iron? 

In the literature the view is generally accepted that in native 
serum the iron is present as ferric iron. This assumption is based 
on observations reported by Starkenstein & Weden 1928, Barkan 
1933 and Tompsett 1934, 1940. 

Starkenstein & Weden showed that when ferrous iron is added 
to whole blood, it is rapidly oxidized to ferric iron. They deter- 
mined the ferric iron content of the serum by addition of KSGN 
to a protein-free filtrate that was obtained after precipitation of 
the serum with hydrochloric acid and trichloracetic acid. The 
experiments were carried out with very large additions of iron 
(iron concentration in serum>l mg. Vo). In filtrates from normal 
sera the color (Fe/SGN/ 3 ) was found to be so weak that it was 
difficult to estimate how much was ferric or ferrous iron. As 
ferrous iron added to whole blood is oxidized to ferric iron, the 
authors found it justifiable to assume that the native serum iron- 
protein complex contains ferric iron. 

Barkan obtained results which agreed so well with those re- 
ported by Starkenstein & Weden that he found it reasonable to 
subscribe to their view. 

Tompsett (1934, 1940) was able to confirm the observation 
made by Lintzel (1931) that ferric — but not ferrous — iron 
forms complexes with biological materials. Tompsett states that 
the iron could be liberated from such complexes with pyrophos- 
phate. (No experiment with native serum is reported, however.) 
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The iron was also liberated from these complexes by reducing 
substances (thiolacetic acid, sodium hydrosulphite). On addition 
of dipyridyl and large amounts of reducing ■ substance to the 
serum, dipyridyl iron was formed, and this could be extracted 
with alcohol. No color was obtained without addition of reducing 
substance. From these findings Tompsett arrived at the following 
conclusion: »The Fe of the plasma has been found to be wholly 
1^ forric state and as such undissociated^. )?It seems ver^^ prob- 
able that at some stage the plasma Fe will at least in part be 
changed into the ferrous state, i.e., become capable of dissociation 
and ultrafiltrable. » 

Several arguments may be advanced, however, against the idea 
that the reported experiments, prove the native serum iron to be 
present in ferric form. 

The claims made by Starkenstein & Weden and by Barkan are 
based on the oxidation of ferrous iron added to whole blood. In 
the native serum iron complex the iron is linked in a way different 
from that of iron added in excess of the saturation limit. Con- 
sequently the valence of firmly bound iron need not necessarily 
be the same as that of loosely bound iron. The results reported 
by the cited authors indicate merely that loosely bound iron is 
found in the ferric form when the serum is enriched by addition 


of iron to whole blood. 

It may be mentioned, moreover, that if freshly withdrawn 
serum is treated with hydrochloric acid and trichloracetic acid 
after Starkenstein’s method, and if then potassium thiocyanide 
is added to the protein-free filtrate, only about one-half of the 
iron will react under formation of ferrithiocyanide (Table 17). 


Full development of the color is obtained only when hydrogen 
peroxide is added to the filtrate. The results indicate rather that 
in the native serum iron complex the iron occurs partly in oxi- 
dized form, partly in reduced form. This is particularly uncertain, 
however, because the precipitation of protein and liberation o 
iron in acid milieu may bring about a change in the valence o 
the exceedingly small amounts of iron here concerned. 

Tompsett has not shown that the iron in the serum may e 
liberated with pyrophosphate. He found that it ^ 

with a reducing substance. But from the findings i ‘P 
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Table 17. 

Valency of iron in native serum after 
Starkenstein and Weden. 


Case 

No. 

Serum 
iron Y °/o 

Ferrous 
iron o/o 

Ferric 
iron ^jo 

1 

108 

57 

43 

2 

156 

49 

51 

3 

132 

69 

31 

4 

187 

58 

42 

5 

120 

48 

52 


p. 49 it is plainly evident, however, that at pH 7.2 — 8 the serum 
iron complex is riot dissociated even in the presence of a reducing 
substance. When Tompsett was able with a reducing substance 
in part to transform the iron into a dipyridyl-reacting form, it 
was because the amounts of reducing substance (hydrosulphite 
and thiolacetic acid) employed brought about that the serum pH 
became slightly acid — and then the serum iron complex begins 
to dissociate (Chapter U p. 51). 

From the experimental results given in Table 21 it is evident 
that when a fresh serum cautiously is acidified in the presence of 
phenanthroline to pH 5, about 90 ®/o of the iron will react with 
phenanthroline even without any addition of a reducing substance. 
This might possibly be taken to indicate that in the serum iron 
complex the iron occurs in ferrous form. But, as shown by 
Tompsett, ferric iron is reduced to ferrous iron on cautious addi- 
tion of acid in the presence of protein. 

So it cannot be looked upon as proved that the iron in the 
serum iron complex is present in ferric form. The experimental 
findings reported so far may just as well be interpreted to the 
effect that in the serum iron complex the iron may occur in ferric 
as well as ferrous form. 


Experiments with Dialysis of Iron-enriched Sera. 

Intravenous injection of simple iron salts (ferrous or ferric) in 
excess of the iron-binding capacity of the serum produces a sensa- 
tion of pressure in the head, irritation of the nasal mucosa. 
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flushing of the face and nausea. In 10—15 min. after the injec- 
tion the serum iron value falls to the saturation limit, whereafter 
it decreases very slowly. Thus the iron exceeding the saturation 
limit leaves the blood stream rapidly, while diffuse vascular 
symptoms appear. This indicates that ionized iron introduced in 
excess of the saturation limit leaves the blood stream by simple 
dialysis through the capillaries. 

Barkan (1927) and Vahlquist (1941) studied the dialyzability of 
iron in the serum protein-iron complex and found it to be entirely 
undialyzable at physiological pH. Like Starkenstein & Harvalik 
(1933), Vahlquist found that even when the serum was enriched 
with iron up to 1000 y Vo, all the iron was still bound in an 
undialyzable form. These investigators used physiological salt 
solution for the dialysis. Vahlquist fails to state whether he 
employed ferrous or ferric iron. 

Heubner (1926) and Lintzel (1931) state that ferric — but not 
ferrous — iron forms non-dialyzable compounds with proteins. 

Tompsett (1940) has reported some experiments on dialysis of 
serum enriched partly with ferrous iron, partly with ferric iron. 
He found that while » ferrous Fe dialyzed easily, ferric dialyzed 
hardly at alls. In his experiments the dialysis vzas made against 
physiological salt solution. 

But experiments in vitro with dialysis of serum against saline 
will not give results that directly reflect the conditions in vivo. 
Differences in the dialyzability in vivo and in vitro vary with the 
substances under analysis. The difference between dialysis in 
vivo and in vitro is due not only to the circumstance that the 


artificial semipermeable membranes are not of the same quality 
as the cell rnembranes but also, to the fact that in dialysis in 
vivo the media on both sides of the membrane contain protein. 
This fact has to be taken into consideration in the discussion of 
the dialyzability of substances forming protein complexes of a 
low degree of dissociation at physiological pH ■— and iron just 
forms such a complex with protein. So the degree of dissociation 
of this iron-protein complex is bound to have a great in uence 

on the dialyzing rale of the iron ions and on the 

tion of the media in which an equilibrium .s obhnned nhen 

serum is dialyzed against saline. 
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Owing to the marked tendency of protein to complex binding 
of the iron ions, their coefficient of activity in an iron-enriched 
serum is only small. So when an iron-enriched serum is dialyzed 
against a medium [e.g., saline) in which the activity coefficient 
is considerably higher, the dialytic equilibrium is reached already 
after the passage of an insignificant amount of iron. If, on the 
other hand, serum is used as external medium, a larger amount 
of iron will pass through the membrane before a dialytic equi- 
librium is established, when the same dialytic volume is employed 
as in dialysis against saline. This is due thus to the circumstance 
that the protein in the external medium inhibits the activity of 
the iron ions as compared with the influence of the sodium 
chloride. 

In serum enriched in excess of the saturation limit the loosely 
bound iron will react with phenanthroline in the presence of 
hydrosulphite. The loosely bound iron that is obtained by enrich- 
ment of serum with ferric or ferrous iron, can also be adsorbed 
on aluminium Cy (p. 37). These facts indicate that, in contrast 
to the native serum iron-protein complex, the complexes (in ferric 
or ferrous form) that iron forms with the serum protein on en- 
richment over the saturation limit are ionized in part at physio- 
logical pH. Thus the loosely bound iron ought to be dialyzable. 

In order to investigate the dialyzability of the iron in firmly 
and in loosely bound iron a number of dialyzing experiments 
were carried out with employment of serum as external medium 
— for acceleration of the dialysis. 


Iron-enriched serum dialyzed against native serum. 

a. Various portions of the same serum were enriched with in- 
creasing quantities of ferrous iron (ascorbic acid-reduced FeClg). 

10 ml. enriched serum was dialyzed in a cellophane tube against 60 ml. 
native serum for 24 hours, under continuous shaking at a temperature of 
about 5°. During the dialysis the pH of the external serum varied between 
7.7 and 7.5. The iron content of the inner medium was determined before 
the commencement of the dialysis and after 24 hours. The saturation limit 
of the inner medium prior to the dialysis was 290 y «/o. The serum iron 
concentration of the outer medium prior to the dialysis was 110 y ®/o, its 
saturation limit 260 y ®/o. 
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Table 18. 

Serum enriched with ferrous 
iron dialyzed against native 
serum. 


Iron concentration in y o/o 

before dialysis 

after dialysis 

80 

86 

268 

278 

345 

304 

442 

317 

510 

328 

680 

356 


Table 19. 

Serum enriched with ferric 
iron dialyzed against native 
serum. 


Iron concentration in y Ojo 

before dialysis 

after dialysis 

101 

103 

183 

183 

294 

307 

480 

450 

645 

540 

930 

710 


The experimental results are recorded in Table 18. During the 
dialysis the protein concentration of the inner medium rose about 
5 ®/o. The iron concentration of the serum after the dialysis has 
been corrected with regard to the shift in volume — in order 
more clearly to illustrate at which iron concentration of the serum 
the iron was non-dialyzable. This applies also to the other dia- 
lyzing experiments recorded tabularly. 

h. The above experiment, was repeated, but this time the serum 
was enriched with ferric iron. The same serum was used as outer 
medium. In this case the saturation limit of the inner medium 
was 380 Y Vo. During the dialysis the pH varied between 7.7 and 
7.9. The experimental results are recorded in Table 19. 

c. The serum was enriched with ferric iron and dialyzed 
against physiological salt solution in the presence of pyrophos- 
phate. 


Various portions of the same serum were enriched with increasing quan- 
tities of ferric iron. To each 10 ml. portion of the serum was added 0.2 ml. 
sodium pyrophosphate (2.5 ®/o) and a couple of ammonium sulphate crystals, 
and the serum was dialyzed against physiological salt solution (about 300 ml.) 
containing 10 ml. phosphate buffer (pH 7.5). The dialysis took place under 
continuous shaking at a temperature of about 5°. It was discontinue a cr 
20 hours. The saturation limit of the serum prior to the dial}’sis was o y ». 
The serum pH at the discontinuance of the dialysis was 7.2. The resu s 

obtained are given in Table 20. 
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Table 20. 

Serum enriched with ferric iron and sodium pijrophosphate, 
then dialyzed against physiological NaCl solution. 


Iron concentration in Y i 

before dinlj’sis 

after dialysis 

108 

119 

205 

210 

302 

290 

400 

3GG 

594 

388 

788 

47G 


Conclusion. 

In Tables 18, 19 and 20 some typical examples are given of the 
results obtained in dialyzing experiments with iron-enriched sera. 

From these experiments it is plainly evident that \vhen serum 
is enriched with iron under the saturation limit, all the added 
iron is bound in non-dialyzable form at physiological or slightly 
alkaline pH. This holds true whether the serum is enriched with 
ferrous or ferric iron. Even in the presence of pyrophosphate the 
iron is non-dialyzable too. This result lends support to the assump- 
.tion that a compound present in the serum is able to bind the 
iron in a complex up to the saturation limit, aird that this complex 
is practically not dissociated at physiological pH. 

From- the, experimental results it also is evident that if serum 
is enriched with ferrous iron over the saturation limit the loosely 
bound iron is easily dialyzable. If the serum is enriched with 
ferric iron — instead of ferrous iron — the iron dialyzes con- 
siderably more slowly than after enrichment with ferrous iron. 
But this iron is not entirely non-dialyzable as claimed by Starken- 
stein & Harvalik (1933) and Vahlquist (1941). On the other hand, 
the findings reported by Tompsett (1940) are more in agreement 
with my experiments, when he says: » Whereas ferrous Fe dia- 
lyzed easily, ferric dialyzed hardly at all». Tompsett performed 
his experiments with saline instead of serum as outer medium, and 
this explains why he arrived at the conclusion » hardly at all». 
But if pyrophosphate is added to a serum enriched with ferric 
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iron before the dialysis commences, the iron passes out in the 
outer medium about just as rapidly as when the serum is enriched 
with ferrous iron even when the dialysis is carried out against 
physiological salt solution. This appears to be due to the circum- 
stance that loosely bound iron in ferric form reacts with pyro- 
phosphate, resulting in an easily dialyzable iron complex. 

The observations made on the dialyzability of loosely bound 
iron seemed compatible with the assumption that the toxic reac- 
tion appearing on intravenous injection of iron over the satura- 
tion limit is due to extravascular (possibly intra-endothelial) 
occurrence of ionized iron. 

Only insignificant amounts of iron pass out into the urine also 
on intravenous injection of iron above the saturation limit. A 
contributory cause of this is presumably found in the fact that 
the activity coefficient for iron ions is higher in the primary 
urine than in endothelium and extravascular body fluid owing to 
their protein content. 


Stability of the Serum Irpn-protein Complex 
at Varying pH. 

The serum iron complex is generally looked upon as being 
undissociated at neutral reaction. The conditions under which the 
complex gives off its iron were studied first by Barkan (1927) 
who found the iron to become ultrafiltrable when serum was 
acidified with hydrochloric acid to pH ca. 1.3. 

Tompsett (1933) studied ferric iron complexes with biological 
material. He was able to liberate the iron from such a complex 
by means of large amounts of reducing substances {e.g., thiolace- 
tic acid and sodium hydrosulphite) or with large amounts of 
pyrophosphate. He performed some experiments with direct addi- 
tion of dipyridyl to the serum. This gave no coloring of the serum, 
but »on addition of a reducing substance, e.g., sodium hydro- 
sulphite or thiolacetic acid a red colour appeared. It appears that 
the iron of serum is in the ferric state.» Tompsett fails to give 
the serum pH after the addition of the reducing substance, but the 
reaction must have become slightly acid. 
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Vahlquist tried to get an idea of the pH range within which 
the serum iron-protein complex was stable by means of experi- 
ments with dialysis of serum against sodium chloride solutions 
at varying pH. His results showed that serum iron is non- 
dialyzable — not only at neutral reaction, but also within a rela- 
tively wide range of pH: from 10 to 4.5. From his findings, Vahl- 
quist arrived at the conclusion: sdass das Eisen nicht mir bei der 
Eigenreaktion des Serums, sondern auch innerhalb einer ziemlich 
breiten Zone zu beiden Seiten derselben, vollstiindig komplex- 
gebunden ist». 


Writer's Experiments. 

Like iron added to serum under the saturation limit, the native 
serum iron will not at physiological pH react with dipyridyl or 
phenanthroline even though a reducing substance is present. This 
implies that at physiological pH practically no ferrous ions are 
found in the serum. A series of experiments was then carried out 
in order to settle at which pH the serum iron-protein complex 
commences to give off iron ions. 

Determinations were made of firmly bound non-phenanthroline 
reacting iron in serum at varying pH. In Fig. 5 the results from 
a couple of typical experiments of this kind are presented 
graphically. 

Serum was enriched with iron to about two hundred gamma per cent over 
the saturation limit, and then divided into portions of 10 ml. Bj' means of 
ammonia and hydrochloric acid the pH was adjusted in the various portions 
to different values, and then 10 mg. sodium hydrosulphitc and phenan- 
throline were added. Then pH was determined again. One hour later the 
amount of acid-soluble, non-phenanthroline-reacting, iron in the various 
portions was determined after the usual method for scrum iron determination. 

It is evident that the value for non-phenanthroline-reacting 
iron in serum is constant within the pH interval of 8 — 7.2. When 
the determination is made on a more alkaline serum (pH >8), 
higher values are obtained. The reason for this has not been 
investigated. 

It will further he noticed that on the acid side of pH 7.2 the 
iron is dissociated rapidly from the iron-protein complex in the 
presence of phenanthroline and hydrosulphite. For its reaction 


.1 
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Fig. 5. Iron-binding capacity of serum at different pH values in the presence 
of phenanthroline and sodium hydrosulphite. 


with phenanthroline the iron has to be ionized. Thus, these fin - 
ings imply that the iron-protein complex begins to undergo dis- 
sociation immediately on the acid side of the normal bloo p • 
The experiments , reported above were carried out with ser 
that were enriched above the saturation limit with ferrous o 
ferric iron. Another series of experiments was performed m or 
to see how the iron would behave in native sera and in sera e 
riched below the saturation limit when they were acidi ° 
dH interval of 7—5 in the presence of hydrosulphite and P 
throline. The findings thus obtained are presented grap i 

in Fig. 6. 
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Fig. 6. Non-phenanthroline-reacting iron in serum (native and enriched under 
the saturation limit) at different pH values. 


From Fig. 6 it will be noticed that the type of liberation of 
iron from the serum iron-protein complex obtained here was the 
same whether the experiment was performed on a native serum 
or on a serum enriched with iron below the saturation limit. This 
corroborates the assumption that iron added to serum under the 
saturation limit is bound in the same manner as the iron in the 
native serum iron-protein complex. As phenanthroline is a good 

complex binder of iron within the pH range of 1.5 9, these 

findings indicate that the serum iron-protein complex is practically 
entirely non-dissociated on the alkaline side of pH 7.2 and that 
it begins to undergo dissociation on the acid side. At pH 5 prac- 
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suffering from acute hepatitis or hemolytic jaundice). The dis- 
sociation rate of the serum iron complex on acidification of the 
serum is practically the same whether the experiment is per- 
formed with or without addition of hydrosulphite. So these experi- 
ments show that either is the iron in the serum iron complex 
natively made up mostly of ferrous Fe, or some normal com- 
ponents of the serum exert a reducing action when the serum is 
acidified, so that ferric iron in the complex is transformed to 
ferrous iron, thus facilitating the dissociation of the complex. A 
third alternative is that the ferric complex is dissociated already 
at pH ca. 5 and that the free iron ions secondarily are reduced 
to the phenanthroline-reacting form. In itself, phenanthroline has 
no reducing effect on ionized ferric iron. 

Still none of the explanations mentioned here appear adequately 
to explain the discrepancy between the experimental results ob- 
tained by Vahlquist and the writer’s findings. 


Is the Reaction — Iron-binding Component -j- Iron 5=^ 

» Serum Iron» — Reversible? 

In the preceding section it was shown that iron is liberated 
from the serum iron-protein complex if the serum is acidified to 
pH ca. 5 after phenanthroline and hydrosulphite had been added. 
In this section an account will be given of some experiments 
carried out to see whether the iron may be liberated from the 
serum iron-protein complex without the iron-binding component 
of serum losing its iron-binding capacity. 

In order to be able to estimate the iron -binding capacity of the 
serum after the iron has been liberated from the serum iron- 
protein complex, the phenanthroline and hydrosulphite will first 
have to be eliminated from the serum, as otherwise they will 
prevent the iron-binding component from reacting with the iron 
added to the serum in determination of the saturation limit. The 
experiments were carried out in the following analytical stages: 

1) The values for serum iron and saturation limit were deter- 
mined on fresh serum. 
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These experiments are carried out with employment of sera which in 
native state showed a high serum iron value (sera from normal subjects who 
had been given iron, and sera from patients suffering from acute hepatitis 
or from hemolytic jaundice). 

The results are recorded in Table 21, column 1. 

2) The serum was acidified in the presence of phenanthrolme 
to pH ca. 5, so that the serum iron reacted with the phenan- 
throline. 

20 ml. serum was acidified with 0.5 N HCI to pH ca. 5 after some phenan- 
throline crystals had been added. After standing for 1 hour a serum iron 
determination was made on a part of the specimen in the usual waj'. 

The results are recorded in Table 21, column 2, from which it 
is evident that the serum iron concentration has fallen to about 
one-tenth of its initial value, i.e., that about 90 Vo of the serum iron 
has been converted to phenanthroline iron. 


3) The phenanthroline iron formed and the excess of phenan- 
throline were eliminated from the serum. 

The phenanthroline and phenanthroline iron may be eliminated 
from the serum through dialysis, but this takes a couple of days 
to be done efficiently. Besides, prolonged dialysis implies a great 
risk of bacterial growth in the serum. Two other methods may 
be employed: 

A. One method is based on the fact that phenanthroline and 
phenanthroline iron can be removed from the serum by absorp- 
tion of activated charcoal (see p. 17). 

Under mechanical stirring, the phenanthroline-treated serum is neutralized 
to pH ca. 7.5 with ammonia (concentrated ammonia diluted 1:5). Charcoal 
is added and the mixture is shaken for 5 min., whereafter the charcoal JS 
separated by centrifuging. Now the serum is practically free from phenan- 
throline as well as phenanthroline iron. 


B. The other method is based on the fact that phenanlhroline 
as well as phenanthroline iron are soluble in ethanol. 

1 volume phenanthroline-treated serum (pH ca. 5, temperature ca. 5 ) js 
cautiously added dropwise imder stirring to 10 volumes alcohol (concen ra 
tion 99.5 “/o, temperature — 15°). During the following half hour e 
Dilate is stirred a few times, and throughout this period the specimen is c 
standing at -15°. Then it is centrifuged, in cold centrifuge tubes for about 
r^ln. a. a rate of 3500 revolution, per inin. The alcohol 
new’ cold alcohol is added. The precipitate is stirred up a 



Table 21. 

Influence of liberation of iron from the iron protein complex upon the saturation limit. Sera Nos. 
2 and 5 originate from patients with hemolytic icterus; No 4 from acute hepatitis. The other 


55 


O 

c 

o 

> 

es 



'a 

fa 


tb 

£ 


00 

I 


> 



a 

E 

o 

c 


E 


ei 

Ch 

<u 


•«4« 

Scrum after neutraliza- 
tion and extraction of 
phcnantliroline and 
plicnanthrolinc iron 

Saturation 
limit Y 

o o o o 
trs 00 o C5 
w C4 CM o n 

CO to « «o 
CO *0 cj 

CM CO CM 


C 

o 

u 

— o 

c 

u 

i/: 

CM iO CM 
CM CM CO kf: 

r-* 

CM ^ O O 
CM 0*4 


uojt 

ouiiojqjucuaqd 
pun auqojqjUBUoqd 
JO uojujuiuqia 

Charcoal* 

c o 
a x: 

"ZZ o 
o 


Serum iron 
after I Iiour 
Y 

f 00 50 » 

^ CM 

O l.O O CM 
CM CM ^ 

Cl 

•um phcnantliroline 
diiied during 1 hour 
to pH 

r-; O CO CO CM 

»-5 id -r ^ »d 

O CC Ci CM 

•r id 


o o 
v: rt 






c ^ 
-2 ® 




o 

> 

es 

c 

« s 

V3 — 

o o o 

If5 OO O O n 
C'l CM CM CO eo 

CM to O O 
lO lO 1-^ 

CM CO CM CO 


E 

t~f 

a 

cc 

Serum iron 
Y °/o 

0 O r-t T-< C5 

CM CJ O CO 

01 CM CM CM 

CO 50 CO 00 
«o O 

^ CO T-t CM 


d 





o 

U3 

C3 

U 


CM CO •** lO 

O 50 O 



58 


thinks that the values obtained with the method employed by 
Barkan for determination of easily split-off iron hardly may be 
accepted as an expression for any well-defined iron fraction which 
normally would be present in the blood cells. From their com- 
prehensive clinical studies on variations of easily split-off iron 
in various pathological conditions Moore et al. (1939) arrived at 
the result that »the physiological importance of this blood iron 
fraction has fairly definitely been divorced from the function of 
iron transportation®. Heilmeyer (1937), Moore, Minnich ,& Welch 
(1939), Wenndt (1940), Miller & Hahn (1940) and Legge & Lem- 
berg (1941) hold that the easily split-off iron in the blood cells 
at least to a large extent is an artefact. 

Studies have also been reported on the possible passage of iron 
from the serum into the blood cells. On addition of iron to whole 
blood Barkan (1933) recovered the added iron quantitatively from 
the plasma. Moore, Doan & Arrowsmith (1937) found that on 
marked increase in serum iron through administration there was 
no change in the value for easily split-off iron in the: blood cells. 

Hahn, Bale, Ross, Hettig & Whipple (1940) mixed serum 
containing radioactive iron (from a dog after injection of such 
iron), with blood cells from other dogs, and found no de- 
monstrable passage of the radioactive iron into the blood cells. 

Waldenstrom (1944) has reported some experiments in vitro 
with addition of iron to whole blood from normal subjects. This 
addition was made in two experiments so that the calculated 
increase in serum iron would be respectively 155 and 142 y Vo if 
the iron was distributed only on the serum. In the first experiment 
the initial serum value was 112 y Vo; in the other experiment it 
is not recorded. Even though in one experiment the plasma was 
not separated by centrifuging till the following day, practically 
all the iron added was found again in the plasma. In iron-enriched 
whole blood from a pernicious-anemic patient the added iron was 
likewise found quantitatively in the plasma. 

Thus the results obtained by the investigators cited above 
indicate rather that under physiological conditions no passage of 
iron takes place from the serum to the blood cells or vice versa. 

Waldenstrom’s experiments with enrichment of blood from 
normal subjects as well as the above experiments performed by 
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Habit and oollaboralors with raclioaclive iron represent investiga- 
tions on the ability of the blood cells to lake up iron from scrum 
that was cnricbed below the saturation limit. In order to ascertain 
whetber any iron diffuses into the. blood cells when Ibe serum is 
enriched above tbe saturation limit, the following experiment was 
performed. 

Whole blood, on wbicb tbe hematocrite value, initial scrum iron 
and saturation limit bad been determined, was enriched in a 
scries of tubes with increasing amounts of iron. The blood was 
left standing for 1 hour and then the blood cells were separated 
by centrifuging. Iron determination was performed on the plasma. 

Table 22 shows the scrum iron values obtained as well as the 
values that were to be expected after the cnricbmenl with iron if 
all the added iron was distributed on the plasma alone. 

From Table 22 it will be noticed that the results here obtained 
are quite in keeping with those reported by previous investigators, 
which all indicate that, like other cations, ferrous and ferric ions 
do not penetrate the corpxiscles — at least not in the direction 
from plasma into corpuscles. This appears to hold true when the 
addition of iron is so .small that the iron concentration of the 
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plasma does not exceed the saturation limit as well as when the 
iron concentration of the plasma is increased considerably above 
the saturation limit. 

But this does not settle conclusively the question whether the 
blood cells contain any protein-linked iron fraction of the same 
type as found in the plasma. The method for determination of 
serum iron is too unspecific to afford an answer on this question 
by a » serum iron determination® on the blood cells. Such a test 
will merely give an expression for the amount of easily split-off 
iron in the blood cells (see above), which Barkan has designated 
as fraction E. If the blood cells are treated with carbon dioxide 
prior to the determination, a lower value is obtained (Barkan’s 
fraction Ei). As emphasized above, these fractions (E and Ej) 
are taken at least to a large extent to be methodical artefacts. 

The same protein-linked copper fraction as is found in plasma 
(hemocuprein) has also been obtained in pure form from erythro- 
cytes (Mann & Keilin 1938). Analogously it would not be improb- 
able that the same iron-containing protein fraction as is found 
in the plasma might be found also in the erythrocytes. As it had 
not been possible yet to decide whether this be the case, the 
writer has investigated the latent iron-binding capacity of whole 
blood as compared to that of plasma. 

The hematocrite value was determined on heparin blood. The 
serum iron and the saturation limit were determined on plasma 
separated by centrifuging. The whole blood was hemolyzed by 
repeated freezing and thawing. 

The completely hemolyzed blood was distributed on three series 
of tubes (5 ml. in each tube). In one tube it was enriched Svith 
Fe"^"^, so that the iron concentration was increased by 200 y ®/o. 
In another tube a corresponding amount of Fe+++ was added to 
the blood. For removal of the loosely bound iron the specimens 
were shaken with AlCy for one hour and then the adsorbent was 
separated by centrifuging. The clear supernatant fluid was then 
shaken for 10 min. in an atmosphere of carbon monoxide, where- 
after the serum iron was determined. 

As pointed out before (p. 40), loosely bound iron can be ad- 
sorbed on AlCy, while firmly bound iron and iron-binding com- 
ponent in serum are not adsorbed. Hemoglobin is partly adsorbed 
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Table 23. 


Determination of iron-binding capacity of whole blood and plasma. 



O 

O 

C 

o 

u 

” 

c 

2 

V 

S-ituration 
limit Y 

Hematocrite 

value 

Easily split-ofT iron 
in whole blood (non- 
adsorbable on AlCy) 
before and after ad- 
dition of iron to 
whole blood, y 

Capacity of 
whole blood to 
bind further 
iron Y 

Capacity of plasma 
in whole blood to 
bind iron. (Calcula- 
ted from the values 
for saturation limit, 
scrum iron and 
hematocrite. Y 





0 Fc 

.=il5 



1 . 

132 

328 

43 

-f Fc++ 

G55 

140 

112 





-f FC+++ 

G80 

165 

112 





0 Fc 

442 



2. 

8G 

324 

4G 

+ Fe++ 

r.72 

130 

127 





4 - FC+++ 

.i4G 

104 

127 





0 Fe 

204 



3. 

14G 

340 

48 

Fe++ 

28G 

82 

101 





_ 1 . I.'c++ + 

29G 

92 

101 


on AICy* The difference between the iron values obtained in the 
iron-enriched and the non-enriched specimens after adsorption 
on AlCy will thus be an expression for the latent iron-binding 
capacity of the hemolyzed whole blood. By means of the values 
for serum iron, saturation limit of the plasma and hematocrite it 
is then calculated how great the increase in non-adsorbable iron 
should be if the iron-binding component were found in the 
plasma. The results are recorded in Table 23, which shows the 
values obtained for the latent iron-binding capacity of whole 
blood as compared to the values that might be expected if the 
iron-binding component were found in the plasma alone. 

The methodical error in these determinations is considerably 
greater than that in ordinary determination of serum iron or 
saturation limit, because the precipitation of protein by acidifica- 
tion in the presence of hemoglobin is made up of large floccules. 
The difficulty in obtaining clear filtrate makes the filtration time 
variable. In this way, the acid will have a chance of acting for 
some varying length of time on the solution which is markedly 
hemoglobin-containing also after the adsorption. The longer the 
filtration time, the higher values will be obtained for iron in the 
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filtrate, as more hemoglobin will then be broken down. When 
this is taken into consideration in judging of the results obtained 
(Table 23), these seem indisputably to indicate that the iron-free 
iron-binding component is present in the plasma in a much higher 
concentration than in the red blood cells, that is; the red blood 
cells are practically devoid of any latent iron-binding capacity. 



CLINICAL INVESTIGATIONS. 


Chapter IV. 

Serum Iron and Saturation Limit of Serum 
in Normal Adults. 

Normal Variations. 

Material. These determinations were performed in subjects who 
were feeling perfectly well and had not gone through any kind of 
infectious disease within the last week. The majority of these 
experimental subjects was made up of persons who had volun- 
teered as donors for blood transfusions without having given any 
blood previously. The remaining specimens of blood came from 
medical students and nurses. 

The material comprises altogether 100 normal subjects. The 
analytical results are recorded together in Table 25. No selection 
of the material has been made. The withdrawal of the blood was 
not limited to any definite part of the day. 

The average values obtained for serum iron in men as well as 
women show satisfactory agreement with the findings reported 
by previous investigators. Some of the more recent results ob- 
tained from large materials are cited in Table 24. 

Different methods have been employed by the authors cited 
(methods based on the rhodanide reaction as well as on the 
phenanthroline reaction), but the results obtained are quite in 
harmony, and the sex difference is seen to be more or less 
pronounced in all the materials. To the sex difference in serum 
iron no corresponding sex difference is found for the saturation 
limit. The mean value for saturation limit in men and women 
is 315 Y ®/o. 
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Table 24. 

Normal values for serum iron in healthy persons. 


Investigator 

Year 

.No.' of cases 

Serum iron y°/o 

Skougc 

1939 

.50 M 

118 (79—158) 



50 F 

104 (66-164) 

Vahlquist 

1941 

50 M 

142 (68—263) 



50 F 

123 (53—210) 

Broclmer-Mortensen ... 

1943 

50 M 

128 (78—194) 



50 F 

118 (79—191) 

Hemmcler 

194G 

100 M 

132 



100 F 

103 

Laurell 

1947 

61 M 

124 (70-214) 



39 F 

108 (57—196) 


Wilh a view to the S 3 'stematic methodical error, the real mean 
value for the present material is estimated as 310 j ^fo. In their 
previous studies, Holmberg & Laurell found a mean value of 
312 -y Vo for 10 normal subjects. Schade & Caroline (1946) estimate 
the iron-binding protein content of serum to be 260 y Vo in a 
normal man weighing 70 kg. 

As there appears to be no sex difference in this respect in the 
present material the total number of subjects have been treated 
statistically under one, with this result: M— 315 + 3.3 y Vo. 

No simple correlation is found between serum iron and the 
iron-binding protein content. Considering the individual cases, the 
iron-binding protein content is seen not to vary parallelly with 
the serum iron. The former is decisive of the serum iron con- 
centration insofar as it represents the upper variation limit for 
serum iron in the individual case. The actual serum iron level is 
a complex function of the more or less known variables of the 
iron metabolism where the iron-binding protein merelj’’ constitutes 
one of these variables. 

Table 26 shows the age distribution of the normal material. A 
preponderant part of this material falls between 15 and 40 years. 
In this material no difference is observed between the values for 
the saturation limit obtained for the different age groups. 

It may be pointed out, however, that at parturition the newborn 
shows a saturation limit which is decidedly lower than that of 
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Table 25 a. Serum iron and saturation limit in 61 men. 


Age 

Scrum 

iron 

Y •’/o 

Satura- 
tion limit 

r “/o 

Manifest 

lenient 

iron- 

litnding 

capacity 

Age 

Serum 

iron 

Y “/o 

Satura- 
tion limit 
Y ®/0 

Manil'est 

Latent 

iron- 

biiuling 

eapacily 

22 

138 

406 



150 

312 

0.93 

31 

93 

400 



195 

310 

1.69 

42 

149 

365 

0.68 

50 

98 

310 

0.46 

27 

133 

363 

0.57 

20 

163 

308 

1.12 

18 

76 

362 

0.26 

41 

89 

307 

0.41 

21 

162 

361 

0.81 

28 

193 

307 

1.69 

26 

117 

356 

0.49 

26 

209 

306 

2.15 

22 

192 

352 

1.20 

42 

70 

305 

0.30 

24 

120 

350 

0.52 

18 

80 

305 

0.35 

16 

142 

349 

0.68 

31 

86 

304 

0.39 

38 

149 

346 

0.76 

26 

107 

299 

0.56 

23 

86 

344 

0.33 

22 

116 

297 

0.64 

22 

182 

344 

1.12 

26 

160 

296 

1.18 

25 

79 

343 

0.29 

20 

103 

295 

0.54 

38 

105 

339 

0.45 

23 

101 

293 

0.53 

19 

201 

337 

1.48 

24 

126 

293 

0.75 

26 

98 

332 

0.42 

20 

88 

293 

0.43 

21 

193 

331 - 

1.40 

33 

107 

290 

0.59 

29 

144 

330 

0.77 

27 

71 

284 

0.33 

16 

100 

330 

0.44 

24 

89 

283 

0.46 

32 

214 

328 

1.88 

27 

1-71 

277 

1.61 

48 

126 

328 

0.62 

25 

'109 

275 

0.60 

26 

89 

326 

0.37 

23 

105 

275 

0.62 

19 

80 

325 

0.33 

24 

106 

275 

0-63 

30 

122 

320 

0.62 

27 

94 

269 

0.54 

29 

101 

319 

0.46 

31 

80 

261 

0.44 

22 

115 

319 

0.56 

24 

96 

260 

0.59 

18 

90 

316 

0.40 

26 

109 

260 

0.72 

20 

138 

316 

0.77 

26 

96 

255 

0.62 

20 

107 

313 

0.52 

21 

206 

254 

4.29 

22 

122 

313 

0.64 

Mean value 

124 

315 

0.77 


Table 25 b. Serum iron and saturation limit in 39 women. 


39 

57 

395 

0.17 

• 24 

87 

310 

0.39 

19 

96 

384 

0.33 

18 

91 

308 

0.42 

26 

112 

370 

0.43 

17 

138 

307 

0.82 

33 

82 

369 

0.29 

22 

132 

306 

0.76 • 

22 

111 

367 

0.43 

35 

100 

300 

0.50 

41 

154 

356 

0.76 

61 

107 

300 

0.55 

19 

114 

342 

0.50 

32 

196 

297. 

1.94 

22 

117 

340 

0.52 

46 

96 

297 

0.48 

20 

80 

339 

0.31 

24 

78 

295 

0.36 

33 

103 

337 

0.44 

40 

101 

294 

0.52 

19 

130 

333 

0.64 

35 

155 

292 

1.13 

35 

100 

324 

0.43 

22 

84 

291 

0.41 

58 

73 

324 

0.29 

40 

110 

291 

0.60 

22 

111 

322 

0.53 

23 

64 

280 

0.30 

40 

98 

322 

0.44 

56 

101 

280 

0.56 

35 

172 

317 

1.19 

39 

129 

278 

0.87 

48 

108 

315 

0.52 

34 

136 

273 

0.99 

60 

118 

314 

0.60 

49 

65 

265 

0.33 

44 

75 

312 

0.35 

19 

57 

245 

0.30 

20 

167 

311 

1.16 

Mean value 

108 

315 

0.58 


5 
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Table 26. 


Age distribution of the normal material. 


Saturation limit 

Age 

Y 

15—19 

20—24 

25-29 

30—39 

40—49 

50-59 

60—69 

241—260 

1 

2 

2 





261—280 


3 

3 

3 

1 

1 


281—300 


8 

3 

4 

3 


1 

301 — 320 

4 

8. 

4 

4 

4 

1 

1 

321—340 

4 

4 

3 

4 

2 

1 


341—360 

2 

4 

2 

1 

1 



361—380 

1 

2 

2 

1 

1 



381—400 

401—420 

1 

1 


2 





the adult organism, and this difference is statistically established. 
The mean value for 25 newborn children was 226 + 10 y ®/o, with 
a serum iron concentration of 147 y ®/o (tab. 31). How rapidly 
the normal adult value for iron-binding protein is attained is still 
to be investigated. 

Table 25 gives also the quotient - iron-binding capacity. 

latent 

For it has been found (Chapter VIII) that the value for this 
quotient gives some information about the direction of the iron 
transport at the time of the analysis in the individual case. 


Relation between Abrupt Changes in Serum Iron 
and the Saturation Limit. 

In a number of cases iron was given by mouth in order to 
ascertain how the saturation limit was influenced by the absorp- 
tion of iron. For oral administration of a fairly large amount of 
iron to normal subjects gives a rapid rise in the serum iron fol- 
lowed by a slower fall. 

The serum iron concentration and saturation limit were deter- 
mined on 10 experimental subjects before and after ingestion of 
iron (ferrous tartrate, 0.55 g. Fe'^'*'). The second determination 
was made after 4 hours because previous investigations had shown 
that the highest values for serum iron then are obtained after 
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Table 27. 

Iron tolerance test with 0.55 g. by mouth. Samples of blood 
taken before and A hours after intake of iron. 


Name 

Sex 

Age 

Serum ir 
af 

0 hours 

on (y ‘^/o) 
ter 

4 hours 

Saturation 

af 

0 hours 

limit (y °/o) 
ter 

4 hours 

S.l. 

F 

23 

161 

320 

339 

334 


F 

26 

134 

333 

328 

315 


M 

34 

162 

192 

274 

266 


M 

23 

142 

192 

300 

288 


M 

25 

118 

340 

336 

338 

K.J. 

M 

25 

138 

175 

316 

307 

R..I. 

M 

25 

126 

193 

303 

307 

F.L. 

M 

27 

210 

239 

263 

267 


M 

27 

149 

262 

280 

278 

G.P. 

M 

26 

128 

186 

370 

365 

Mean value: 

147 

243 

311 

307 


Table 28. 

Iron tolerance test with 0.55 g. given by mouth. Samples of 

blood taken after A and 2A hours. 


Name 

Sex 

Age 

Serum iron 

4 hours 

(Y®/o) after 
24 hours 

Saturation 

aft 

4 hours 

imit (y “/o) 
er 

24 hours 

S.G. 

F 

24 

287 


284 

284 

H.T. 

Jt 

22 

154 


332 

330 

F.L. 

F 

37 

227 

134 

334 

322 

H.B. 

51 

23 

180 

154 

366 

364 

G.L. 

F 

32 

289 

109 

324 

326 

F.A. 

F 

35 

288 

184 

320 

282 

S.C. 

F 

32 

331 

78 

326 

318 

S.B. 

F 

30 

243 

121 

269 

264 

F.M. 


23 

304 

81 

315 

307 

F.K. 


26 

173 

113 

292 

293 

Mean value: 

248 

121 

316 

309 


2 — 4 hours. Another series of tolerance tests were performed in 
which the first sample of blood was withdrawn 4 hours after 
the injection of iron, the other sample after 24 hours, in order to 
ascertain how the saturation limit behaves when the serum iron 
falls from the high 4-hour value to normal level (in oral iron 
tolerance tests the serum iron values usually fall to the initial 
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values in 12 — ^24 hours). The experimental subjects Avere all feel- 
ing perfectly well. The experimental results are recorded in 
Tables 27 and 28. 


Discussion of the experimental results. 

During the period from 0 to 4 hours (Table 27) the serum iron 
concentration rose from an average of 147 y Vo to 243 y Vo. During 
the same period there was practically no change in the saturation 
limit. In no instance did the variations in the value for the satura- 
tion limit exceed the methodical error. Serum iron rose in all the 
experimental subjects, but this rise was liable to wide individual 
variation (extreme values: 29 and 222 y Vo). In the literature on 
iron tolerance tests (see, among others, Vahlquist 1944) it is gen- 
erally stated indeed that the same dose of iron gives an indi- 
vidually most variable rise in serum iron. 

The rise in serum iron without any change in the saturation 
limit suggests very strongly that the iron leaves the intestinal 
mucosa in ionized form, for, if the mucosa furnished the iron to 
the blood stream as an iron-protein complex, the saturation limit 
would have been raised. 

Table 28 gives the values for serum iron and saturation limit 
4 and 24 hours after the ingestion of iron. Here the serum iron 
is seen to fall from an average of 248 y Vo (after 4 hours) to 
121 y Vo (after 24 hours). In .spite of this fall in serum iron, the 
saturation limit keeps practically at the same level. Through the 
extensive American experiments with radioactive iron it has been 
established that the iron assimilated in tolerance tests partly is 
stored in the iron depots, partly utilized for synthesis of hemo- 
globin. As serum iron falls during the period of 4 — ^24 hours after 
the intake, a part of the iron thus is stored in the depots, and a 
part is used for synthesis of hemoglobin. Whether the iron is 
used to synthesize hemoglobin or transferred to storage iron, it 
leaves the blood stream. 

Now the question is: Is the iron liberated from the serum iron 
protein complex? 

a) Without decompo-sition of the high-molecular iron-binding 
component or 
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b) under simultaneous decomposition of the iron-binding com- 
ponent. 

The first alternative (a) will bring about; 

1) that, after the iron is liberated, the iron-binding component 
can again circulate in the blood stream and serve as transport for 
a new iron atom, and 

2) that the building rate for the iron-binding component need 
not necessarily be particularly high. 

The second alternative (b) implies: 

1) that the building rate for the iron-binding component must 
be very high, and 

2) that the organism must be able quickly to compensate the 
falls in the iron-binding component content of the serum. If the 
latter condition is not met the rapid falls in serum iron will make 
shifts in the saturation limit. 

From the experiments reported it is evident that the saturation 
limit does not vary in spite of the wide variations in the serum 
iron concentration. This makes first alternative (a) more probably 
than the second (b). From a chemical point of view the first 
alternative (a) is not unreasonable, as experiments in vitro (Chap- 
ter II, p. 56) show that the iron-binding component may combine 
with iron in a reversible linkage. 

The hypothesis here advanced will be dealt with more thor- 
oughly in Chapter VIII, after an account has been given of varia- 
tions in the saturation limit in various pathological conditions. 

In order to get an idea about how great a part of the latent 
iron-binding capacity is utilized in the absorption of iron in men 
or women when the serum iron attains its highest value, the two 
materials in Tables 27 and 28 are added together with differentia- 
tion of the sexes. The 24-hour value is taken to signify the normal 
serum level. The outcome is given in Table 29. 

From Table 29 it is evident that the normal level of serum iron 
is somewhat higher in men than in women — and generally the 
same is found in all fairly large materials concerning variations 
in serum iron. The saturation limit is practically the same in men 
and women. From Table 29 it is obvious, however, that a greater 
part of the latent iron-binding capacity of serum is utilized for 
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Table 29. 

Comparison between latent iron-binding capacity of serum in men 
and women after oral administration of iron. 


Sex 

Number 

Serum iron (y ®/o) 

Satura- 
tion limit 
(Y 0/0) 

Latent iron-binding 
capacity (y o/o) 

At 0 and 
24 hours 

after 4 
hours 

at 0 and 

24 hours 

after 4 
hours 

Men 

10 

148 

211 

313 

165 

102 

Women 

10 

120 

280 

309 

189 

29 


the iron transport in women (about 85 ®/o) than in men (40 ‘’/o). 
The explanation of this may he either that women absorb iron 
more readily than men when large amounts of iron are ingested, 
or that the iron is eliminated more rapidly from the blood stream 
in men than in women. 

It should be possible to ascertain which of these explanations 
may be correct — by intravenous as well as peroral administra- 
tion of iron to subjects of either sex. The rate at which the serum 
iron falls after intravenous administration gives an expression for 
the rapidity of its elimination. 

In 10 of the experimental subjects the serum iron rose in 4 
hours to a value that practically was equal to the saturation limit. 
In the remaining subjects the values obtained were not so high. 
The question then arises whether the blood never is able on its 
passage through the intestinal mucosa to absorb an amount of 
iron that exceeds the saturation limit. That this actually may 
take place is by no means excluded even though it does not mani- 
fest itself in a rise in serum iron above the saturation limit. For 
any possible excess of iron will leave the blood stream very 
rapidly. Ingestion of iron in large doses (up to 1 g.) is often 
followed by nausea and diarrhea, the explanation of which may 
very well be that the concentration of ionized iron becomes so 
high that the iron-binding capacity of the mucosa and serum is 
overtaxed, resulting in an abnormally high concentration of free 
iron ions in the intestinal wall, so that tlie mucosal cells become 
strongly irritated. 

In this connection it is to he pointed out that a considerable 
rise in serum iron after ingestion of a large dose of iron by no 












71 


means signifies that the subject under physiological conditions is 
able to utilize the iron in his food. For the peroral iron tolerance 
test is carried out with such a large amount of iron that the 
mechanism involved in the passage of the iron through the intes- 
tinal mucosa need not at all be the normal one. It is quite conceiv- 
able that the normal mucosal blockade for iron is broken partially 
by the high concentration of ionized iron resulting in the digestive 
tract after fasting ingestion of a large dose of iron. 



Chapter V. 


Variation in Serum Iron and Saturation Limit 
during Normal Pregnancy. 

SeiTim iron and saturation limit in women 
during normal pregnancy. 

In the course of pregnancy the mother normally loses about 
350 mg. iron to the fetus (McCance & Widdowsson 1937). Thus 
the gestation implies an increase in the iron requirement. In order 
to meet the iron requirement of the fetus the pregnant woman 
must increase her absorption of iron or adjust her intermediary 
iron metabolism so that the storage iron is mobilized. 

In order to elucidate the iron absorption during pregnancy, 
Raener (1942) performed peroral iron tolerance tests on a number 
of pregnant women, examining the resulting rise in serum iron. 
On administration of 225 mg. ferrous iron the serum iron con- 
centration in non-pregnant women increased on an average wi^ 
145 Y Vo, while in pregnancy the average rise was 229 y VoVas 
the elimination rate of iron from serj^ ought to be higher in 
pregnant than in non-pregnant womefC his findings suggest very 
strongly that women absorb iron more readily during pregnancy. 
Guggisberg (1941), who also made peroral iron tolerance tests on 
pregnant women has presented some curves for the resulting 
increases in serum iron. In one of his cases the serum iron rose in 
4 hours after the intake of iron to a level over 400 y Vo, which may 
be looked^jipon as a supernormal increase. 

The iron absorption during pregnancy has been investigated 
also by means of radioactive iron (Balfour, Hahn, Bale, Pom- 
merenke and Whipple 1942). From their findings these authors 
concluded that »the pregnant woman at least in the late months 
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of pregnancy does show increased intake of radio iron, although 
there are great variations and a few cases of normal intake*. »The 
pregnant woman as a rule shows 2 — 10 times the normal absorp- 
tion of radio iron.* Hahn (1947) reports unpublished investiga- 
tions by the Vanderbilt Cooperative Study of Maternal and Infant 
Nutrition, in which the iron absorption was found to be increased 
in the latter part of pregnancy. 

Variations of the serum iron concentration in various months 
of pregnancy have been examined by Sundelin (1942) on 130 
women. During the first five months of pregnancy he found a 
normal serum iron value (118 y */o). In the sixth month the value 
began to fall, and the lowest value was obtained in the 8’ and 9’ 
month (48 y Vo). In the 10’ month the values increased again to 
an average of 80 y Vo. Similar studies were carried out by Raener 
(1942), who in his material found the same tendency to varia- 
tion of serum iron, though less pronounced. Albers (1941) claims 
that during pregnancy the serum iron values are constantly in- 
creased, but his average value is 120 y ®/o, which corresponds to 
the normal value found by most other investigators for non- 
pregnant women, and his conclusions have no statistical- founda- 
tion, Besides, his analyses cover only the first and last months 
of pregnancy. 

Writer’s Findings. 

Table 30 and Fig. 7 give the results of serum iron and satura- 
tion limit determinations on 51 women in various months of 
pregnancy. Fig. 7 also presents the results recorded in Tables 31 
and 32, showing the values obtained for. serum iron and satura- 
tion limit at parturition (25 cases) and in the first days post 
partum (17 cases). In this material too we meet with the ten- 
dency pointed out by Sundelin to variation of serum iron in the 
various months of pregnancy. 

During the first months of pregnancy the values for the satura- 
tion limit fall within the limits of normal variation, but in the 6’ 
month they show a distinct tendency to increase, reaching maxi- 
mum in the 9’ month, about 200 y Vo over the normal level. The 
average value at the parturition was 446 y Vo. Largely, then, the 
variations of the serum iron concentration and of the saturation 
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Table 30. 


Serum iron and saturation limit in various months of pregnancy. 
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50 100 150 200 250 Days 


Fig. 7. Variations of the saturation limit and serum iron during pregnancy, 

delivery and pucrpcrium. 

limit go in opposite directions. In the months when the serum 
iron is normal, the saturation limit is normal too. When serum 
iron shows a tendency to fall, however, the saturation limit in- 
creases, and finally it falls again in the last month of pregnancy, 
when serum iron shows a tendency to rise. No definite difference 
can be demonstrated in the value of the saturation limit in the 9’ 
month and at parturition, the material at this stage being loo 
small to afford any reliable evidence in this respect. 

During pregnancy the copper content of the serum increases 
markedly {e.g., Krebs 1928, Heilmeyer et al. 1941, Holmberg 1941). 
In order to ascertain whether there might be any simple connec- 
tion between the increased saturation limit and the rise in serum 
copper, Holmberg (not published yet) has determined the serum 
copper concentration in sera from women in the different months 
of pregnancy. In this material some sera showed a distinct rise in 
Ae copper content without any increase in the saturation limit. 
Often the serum copper appears to rise earlier in pregnancy than 
does the saturation limit. These findings rather suggest that there 
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is no simple connection between the rise in serum copper and the 
■increase in the iron-binding capacity of the serum. 

Discussion. 

As pointed out, among others, by Vahlquist (1944) the iron 
requirement of woman during pregnancy does not increase above 
the normal until the latter half of the gestation. In the first 
months of pregnancy the fetal and uterine iron requirements is 
compensated by the absence of any loss of iron with the menses. 
From about the 5’ month of pregnancy the iron requirement in- 
creases gradually above the normal level, reaching its maximum 
towards the end of pregnancy. The iron requirement post parlum 
is subject to wide variation, depending on the loss of blood at 
the parturition. During the lactation the iron requirement is 
usually not increased, as the iron given off with the milk does 
not exceed the normal loss of iron through menstruation. 

From the works cited above it is evident that the iron absorp- 
tion in the early part of pregnancy is about the same as usual, 
i.e., there is a relative blockade for the absorption of iron. In the 
latter part of pregnancy, when the iron requirement of woman is 
increased, the iron absorption appears indeed to take place more 
readily than in non-pregnant women. 

On correlation of these physiological facts with the observa- 
tions reported above on variations of serum iron in the various 
months of pregnancy, it can he established that as the loss of 
iron from the organism in general to the fetus and uterus exceeds 
the normal loss of iron, the serum iron has a tendency to fall 
to subnormal values. As serum iron decreases, however, the satur- 
ation limit is raised, and at the same time the iron absorption 
proceeds more readily than normally. It seems obvious then to 
correlate these facts with each other. In the last months of preg- 
nancy the latent iron-binding capacity of the serum is about twice 
as great as normally, and serum iron is normal or slightly sub- 
normal, i.e., the quotient — iron-binding capacity is smaller 

latent 

than normally. The physiological significance of this may very 
well be that the lower the quotient the more rapidly is iron 
eliminated from the intestinal canal and the depots. 
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Serum Iron and Saturation Limit in Mother and 
Fetus at Parturition. 

Theories about the iron transport from mother to fetus. 

It has not been practicable with certainty to establish whether 
the placenta utilizes the mother’s red blood cells or the maternal 
serum iron as the source of iron for the fetus. Studies reported 
by Scholten & Veit (1903), Marshall (1932) and Slander (1941) 
made it reasonable to assume that the red blood cells were sub- 
ject to phagocytosis in the chorionic villi and to hemolysis by a 
hemolysinlhat could be demonstrated in the placenta. After de- 
composition of the hemoglobin the iron would then be available 
to the fetus. A weighty argument against this theory was advanced 
by Pommerenke, Hahn, Bale & Balfour (1942), who gave the 
mothers radioactive iron by mouth at various points of time prior 
to the parturition in order to ascertain how soon the iron reached 
the fetal circulation. In one case, radioactive iron was found in 
the plasma of the fetus as early as 40 min. after the mother had 
ingested the iron. In another case, radioactive iron was demon- 
strated in“the red blood cells of the child after 2 hours. In dis- 
cussing the problem these authors say: »It seems quite improb- 
able that the only route of transmission of iron from the mother 
to the fetus must be through the complicated chain of events 
expressed in most texts, i.e,, maternal plasma iron to red ceil iron, 
passing of the latter to the placenta, destruction of the red cells 
with liberation of the contained hemoglobin iron, absorption, and 
finally elaboration of the iron into hemoglobin of the fetal blood 
cells ». As they found that it takes the radioactive iron only a 
very short time to pass from the intestinal canal of the mother 
to the fetal circulation, they assumed »that at least some iron 
reaching the fetus does not have as its immediate precursor the 
iron contained in the hemoglobin of the maternal red blood cells 
If the transmission of iron from mother to fetus takes place via 
the maternal serum iron, it is understandable that the radioactive 
iron can be demonstrated so soon in the fetus. 



78 


Serum iron in mother and child at parturition. 

Vahlquist, who studied the serum iron level in the mother and 
fetus in various months of pregnancy and at parturition, found 
that up to the 5’ — 6’ month of pregnancy the fetal serum iron 
was lower than the maternal. After this the serum iron in the 
fetus increases gradually, and in the last two months the serum 
iron level is higher in the fetus than in the mother. At parturition 
the fetal (placental) serum iron value is about 160 y ®/o (Locke, 
Main & Rosbach 1932, Neuweiler 1938, Thoenes & Aschaffenhurg 
1934, Vahlquist 1941, Blach & Stoker 1946). 

Albers (1941) found the serum iron value in the mothers at parturition 
to be somewhat higher than observed by other authors; on the other hand, 
he found the corresponding value in the fetus to be lower than observed by 
other authors. Thus he stands alone with his view that the maternal and 
fetal serum iron values lie about at the' same level. 

The thorough studies of Vahlquist on serum iron in the various 
months of pregnancy go distinctly against the idea of a simple 
diffusion balance between the maternal and the fetal serum iron. 
If the iron is transported from the mother to the fetus via serum 
iron, the placenta must be able to transmit the iron to the fetus 
from the maternal organism which has a lower serum iron than 
the fetus at least during the- last months of pregnancy. 

Writer’s Findings. 

As it may be looked upon as an established fact that at the end 
of pregnancy the fetal serum iron level is higher than the mater- 
nal, it seemed of interest to see how the saturation limit behaved 
in the mother and fetus at parturition. In order to look into this 
question, determinations of the saturation limit and serum iron 
level were made on 25 mothers and their newborn children. The 
results are given in Table 31. 

As soon as Ihe child was delivered the umbilical cord was divided, and 
blood was allowed to drop freely from the placental slump of the cord into 
a test tube. For technical reasons it was not practicable in every case to 
withdraw a sample of blood from the mother just at parturition. In those 
cases where the mothers’ blood was not obtained (by venipuncture) within 
15 min. after the deliverj- of the child, the interval (in minutes) between 
the sampling of the maternal and fetal blood is given in the table. 
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Table 31. 

Comparision between serum in mother (M) and child (F) at par- 
turition. M^=mean value andMp=mean value in investigated pairs. 


Case No. 

Serum 

O 

.s 

'S 

o 

u 

CU 

Serum 

albumin 

0/0 

62 
9 ; 

(•* t 

m O 

to 

Non protein 
nitrogen 
mg o/o 

Scrum iron 

© 

O 

Saturation 
limit X 

3od- sampling. 
M minutes 
after partur. 


F 

M 

m 

M 

F 

M 

F 

M 

F 

M 

F 

M 

s 

1. 

■ 

7.0 


4.0 

2.8 

0.3 

31 


29 

1 

90 

224 

442 


2. 

5.5 

6.4 


4.0 

2.1 

0.8 

31 


27 


113 

198 

506 


3. 

5.8 

6.2 


4.0 

2.0 

0.6 

32 


29 

147 

154 

260 

399 


4, 

6.1 

6.2 

Elfl 

3.9 

2.2 

0.3 

31 


28 

130 

39 

194 

346 


5. 

6.6 

6.6 

4.6 

4.6 

2.0 

0.2 

32 


26 

167 

62 

245 

405 


6. 

5.8 

6.2 

4.0 

3.6 

1.8 

0.3 

37 


26 

165 

33 

210 

463 

120 

7. 

4.7 

5.8 

3.3 

3.3 

1.6 

0.4 

27 


26 

128 

47 

189 

457 

90 

8. 

5.8 

6.2 

4.0 

3.8 

2.2 

0.4 

39 


28 

177 

100 

193 

419 

40 

9. 

5.9 

6.3 

4.3 

4.3 

2.3 

0.6 

31 


28 

141 

43 

255 

397 


10. 

5.7 

6.0 

3.9 

3.7 

2.2 

0.6 

32 


27 

207 

113 

230 

344 


11. 

5.0 

6.4 

3.7 


1.7 


32 



145 

106 

220 

514 


12. 

5.3 

6.5 

3.8 

4.3 

1.8 


31 



181 

92 

200 

420 


13. 

5.7 

6.9 

4.2 


1.7 


37 



70 


224 



14.- 

6.2 

7.3 

4.0 

4.5 

1.9 


31 



142 


258 

537 


15. 

7.8 

7.6 





35 


26 



369 

543 


16. 

5.7 

6.5 

3.9 

4.7 

1.5 


35 


29 

95 


297 

428 


17. 

5.7 

6.7 

3.9 

4.5 

1.5 


32 


30 

129 

64 

234 

434 


18. 

5.6 

6.0 

3.9 

3.8 

1.1 


48 


34 

137 

67 

173 

454 

120 

19. 

5.5 

6.7 



1.8 


32 


29 

169 

63 

250 



20. 

5.5 

6.5 



1.6 

0.8 

33 


29 

142 

52 

266 

419 

60 

21. 

6.0 

6.9 



1.7 


39 


31 

141 

117 

201 

548 


22. 

5.3 

7.0 

4.0 


1.1 







196 



23. 

5.1 

6.2 

3.6 


2.2 








387 


24. 

5.9 


4.0 


1.6 







215 

450 


25. 

5.0 


3.2 


1.7 







149 



Mo 

5.9 

6.5 

3.9 

4.1 

1.8 

0.5 

' 34 

1 

28 

147 

80 



mm 

Mp 

5.7 

6.5 

3.9 

4.1 

2.0 

0.5 

34 

1 

28 

154 

80 

226 

446 



From Table 31 it is .evident that the fetal serum iron concen- 
tration on an average is 147 y Vo as against the maternal 80 y ®/o, 
which is quite in keeping, for instance, with the findings reported 
by Vahlquist. In the present material it may be that the samples 
of blood which were withdrawn from the mothers later than 15 
min. post partum have given values that really are a little too 
small, as serum iron normally commences to fall already within 
the first hours after delivery. Still Vahlquist found even a lower 






































Table 32. 

Serum iron and saturation limit in the puerperium. 


Case 

No. 

Age 

Loss of blood 
in parturition 

Number of 
days after 
delivery 

Serum iron 

Y °/o 

Saturation 
limit Y ojo 

1. 

36 

500 

3 

31 

425 

2. 

23 

850 

4 

81 

385 

3. 

25 

350 

4 

31 

384 

4. 

22 

700 

4 

26 

409 

5. 

19 

150 

4 

40 

408 

6. 

31 

100 

4 

27 

425 

7. 

39 

150 

4 

25 

442 

8. 

19 

250 

4 

38 

520 

9. 

41 

450 

5 

44 

339 

10 . 

39 

200 

5 

47 

298 

11. 

33 

150 

5 

36 

500 

12. 

32 

1000 

5 

32 

447 

13. 

29 

900 

6 

33 

322 

14. 

24 

125 

6 

26 

408 

15. 

— 

400 

(i 

45 

408 

16. 

20 

— 

24 

30 

446 

17. 

28 

— 

70 

14 

420 


average value (60 y Vo) in the mothers at parturition than was 
observed in this material, but about the same average value for 
the children (160 y Vo). 

On the other hand, in the determination of the saturation limit 
the mothers were found to give a considerably higher mean value 
(446 ±13 y Vo) than the children (226 + 10 y Vo). 

In the mother thus the iron-binding capacity is nearly twice 
as high as in the child, while in the child the serum iron con- 
centration is nearly twice as high as in the mother. This goes 
against the view that the iron-binding protein component of the 
serum might pass freely through the placenta. 

Table 31 gives also the value for non-protein nitrogen in the blood of the 
mother and child. Generally this value is somewhat higher in the child than 
in the mother — as was to be expected of a freely diffusable substance that 
is formed by the fetus but eliminated by the mother. 

It is to be pointed out in particular that the average value for 
the maternal saturation limit is decidedly higher than the average 
for normal subjects, while the fetal value is decidedly lower than 
the normal — both of these differences being statistically eslab- 
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lished. Noticeable differences are also found in the iron meta- 
bolism of the normal subject, the mother and the fetus. Thus the 
normal subject absorbs only an insignificant amount of iron, and 
makes hardly any use of his iron depots but manages his inter- 
mediary iron metabolism by utilizing continually all the iron 
liberated in the destruction of red blood cells for the synthesis of 
hemoglobin for new blood cells. The organism of the mother has 
adjusted itself to absorb more iron than normally and to utilize 
the iron depots in a higher degree than normally in order to make 
up the loss of iron through the placenta. Finally, the fetus employs 
its supply of iron for synthesis of hemoglobin, it is true, but 
primarily for filling of the liver depot. 

The quotient iron-binding capacity is on an average 

1.9 in the newborn and only 0.2 in the mother. 

Most likely these differences are associated with the circum- 
stance that different phases of the intermediary iron metabolism 
are encountered in the normal subject, the mother and the fetus 
— as will be discussed more thoroughly in Chapter VIII. 



Chapter VI. 


Serum Iron and Saturation Limit after 
Loss of Blood. 

Acute Loss of Blood. 

Withdrawal of Blood. 

An acute loss of blood is often followed by an incidental rise 
in serum iron during the first 24 hours, whereafter it falls to a 
subnormal value. Usually it returns to a normal level only after 
complete regeneration of blood (for literature, see Brochner-Mor- 
tensen 1943). In view of these observations the findings reported 
by Hahn, Bale, Ross, Balfour & Whipple (1943) concerning the 
absorption of iron after an acute loss of blood are of considerable 
interest. Under normal conditions a relative »mucosal block* for 
iron is found in dog as well as in man. In the dog an acute 
bleeding will not increase its capacity for absorption of iron within 
the first 24 hours; but after this interval the dog commences to 
utilize the ingested iron in a higher degree than normally, and 
after one week its iron absorption is 10 — 20 times greater than 
before the bleeding. 

In order to see whether the saturation limit in man is influenced 
by an acute loss of 400 ml. blood, a number of donors for blood 
transfusion were picked out. The experiment was carried out only 
on persons, who had not given any blood in the last months. Also 
the persons were excluded who previously had served as donors 
several times. The serum iron concentration and saturation limit 
were determined in connection with the venipuncture, whereafter 
the donors were told to return one week later for a control test. 
The results are given in Table 33. 
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Table 33. 

Serum iron and saturation limit before and 1 week 
after withdrawal of blood. 





No withdrawal 

Withdrawal of blood 

Case 



of blood 

Serum iron Y 0/0 

mmsssmsm 

No. 



during the last 


1 week 






months 

before 

later 

before 


1. 

M 

27 

6 

140 

116 

304 

314 

2. 

M 

28 

5 

107 

71 

336 

347 

3. 

M 

39 

5 

84 

78 

307 

319 

4. 

. M 

23 

5 

loo 

84 

359 

424 

5. 

F 

23 

3 

121 

53 

318 

3.52 

6. 

M 

32 

9 

88 

82 

304 

420 

7. 

. F 

21 

4 

84 

37 

405 

4.50 

8. 

M 

34 

6 

124 

112 

314 

364 

9. 

M 

26 

11 

102 

55 

312 

332 

10.. 

M 

34 

2,5 

122 

152 

330 

326 

11. 

F 

20 


128 

103 

313 

365 

12. 


33 

5 

14.5 

84 

334 

364 

13. 


26 

— 

192 

104 

258 

3.51 

14. 

F 

27 

0 

162 

69 

305 

305 

15. 


30 

5 

60 

48 

291 

287 

16. 


30 

5 

112 

59 

323 

442 

17. 


47 

G 

68 

36 

345 

391 




Mean value: 

117 

79 

321 

362 


From Table 33 it will be noticed that prior to the loss of blood 
the average serum iron was 117 y ®/o, and after one week it had 
fallen to 79 y Vo. This post-hemorrhagic fall in serum iron was 
more or less pronounced in 16 of the 17 subjects examined. The 
saturation limit, however, was found to change in opposite direc- 
tion — with an average value of 321 y ®/o before the loss of blood, 
and 363 y Vo after one week. In 4 cases the values thus • obtained 
exceeded the highest values found in the normal material. The 
mean value obtained one week after the loss of blood (M 363 i 
12 y Vo) is also significantly higher than the mean value for the 
normal material (315 i 3.3 y Vo). This rise in the saturation limit 
is not characteristic of the entire material, however, as 6 of the 
17 subjects examined showed values, the deviation of which from 
the initial value falls within the limits of experimental error. 

Thus the results indicate that while the serum iron increases 
after an acute loss of blood — in connection with the regenera- 
tion of blood — the saturation limit has a tendency to rise. 
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The quotient — ^ iron-binding capacity before the bleeding 
was about 0.6, and one week later it was 0.3. 

Saturation Limit after Gastrointestinal Hemorrhage. 

After a large loss of blood the saturation limit would reason- 
ably be expected to fall because of the loss of plasma if the 
organism replaces the iron-binding component at the same rate as 
other plasma proteins. In order to get an idea about the varia- 
tions in the saturation limit associated with, and subsequent to, 
an acute loss of blood, a number of patients with hemorrhages 
from peptic ulcer were examined. The results are given in 
Table 34. 

The material is not uniform as the patients were admitted to 
the hospital at varying junctures after the hemorrhage. The first 
7 cases indicate that the saturation limit decreases in connection 
with large acute hemorrhages. Two patients (Nos. 8 and 9) showed 
on admission a slightly hypochronic color index, which indicates 
that they were not hospitalized at the first attack of hemorrhage. 
In contrast to the other patients, these two showed also a high 
value for the saturation limit already on the admission to the 
hospital. 

In all the patients there was a tendency to a rise in the values 
for the saturation limit after the hemorrhage had ceased. During 
the period in which the patients were observed, however, this 
rise in the saturation limit was neither rapid nor particularly 
pronounced. 


Chronic Loss of Blood. 

After Repeated Service as Donors. 

On 200 donors Fowler & Barer (1942) have investigated the 
rapidity with which hemoglobin is reproduced after a loss of 
about 550 ml. blood. The average time required for attainment 
of the initial hemoglobin value was 49.6 days. The rale of regen- 
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Table 34. 

Saturation limit in patients with gastro-intestinal hemorrhage. 


Case 

No. 

Sex 

Age 

Hb 0/0 

R. b. c. 
mill./cmm. 

Serum iron 

r ®/o 

Saturation 
.limit y o/o 

Date 

1. 

M 

20 

49 

2.8 

22 

276 

^/12 




58 

3.2 

19 

313 

12/12 




65 

4.0 

28 

329 

17/12 

2. 

M 

70 

55 

3.3 

53 

230 

20/1 




66 

3.5 

57 

274 

27/1 

3. 

F 

46 

56 

2.6 

86 

280 

10/12 




70 

3.6 

108 

328 

17/12 

4. 

M 

66 

42 

2.4 

20 

300 

3/11 




52 

3.4 

26 

332 

23/11 

5. 

F 

45 

51 

3.0 

26 

260 

15/1 




53 

3.1 

29 

266 

21/1 




63 

3.2 

23 

264 

27/1 

6. 

M 

60 

40 

2.3 

42 

233 

20/11 

7. 

M 

80 

55 

3.7 

25 

314 

22/1 




48 

2.8 

14 

280 

8. 

M 

44 

34 

2.2 

23 

358 

27/11 




37 

2.4 

10 

395 

^/12 




40 

2.5 

31 

480 

12/12 




47 

3.5 

31 

395 

16/12 

9. 

F 

51 

53 

3.4 

11 

438 

15/1 




55 

3.4 

44 

416 

21/1 




66 

3.7 

62 

400 

27/1 


1. Duodenal ulcer with hemorrhage. Acute onset with hematemesis 
on -2/n, 

2. Duodenal ulcer with hemorrhage. Hematemesis. 

3. Duodenal ulcer with hemorrhage. Hematemesis. 

4. Duodenal ulcer. Probably silent hemorrhage at home. 

5. Duodenal ulcer with hemorrhage. ®/i: Hematemesis. 

6. Duodenal ulcer with hemorrhage. Terminating fatally. 

7. Gastric ulcer with hemorrhage. Subacute onset about ^®/i. 

_ "CUle tiredness on Admission 2 weeks later. Blood test on feces 
positive. 

9- Duodenal ulcer with hemorrhage. Onset on *®/i. 


eration was somewhat more rapid for men (0.049 g. ®/o hemo- 
globin/24 hours) than for women (0.040 g. ®/o hemoglobin/24 
hours). 

Ih order to ascertain the influence of frequent loss of blood 
on the saturation limit, a number of persons were examined who 
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Table 35. 

Saturation limit in persons who repeatedly have served 
as blood donors. 


Case 

No. 

Sex 

Age 

Total los.<! 
of blood 
(liters) from 
withdrawal 
of blood 

Loss of 
blood 
during 
last year 
(liters) 

Period 
since last 
withdrawal 
of blood 
(months) 

Hb 

0/0 

R.b.c. 

mill/ 

cmm 

Serum 

iron 

Y o/o 

Satu- 

ration 

limit 

T ‘’/O 

1 . 

F 

30 

3 

2 

3 

84 

4.8 

76 

353 

2. 

F 

27 

6 

2 

0 



48 

370 

3. 

M 

23 

21/2 

2 

2.5 

93 

4.9 

(242) 

340 

4. 

M 

42 

19 

3 

2 

86 

4.4 

87 

361 

5. 

M 

22 

3 

21/2 

2 

90 

4.7 

63 

296 

6 . 

M 

30 

3 

3 

2 



49 

363 

7. 

M 

23 

3 

3 

2 

87 

4.7 

141 

301 

8. 

M 

29 

3 

21/2 

2 

86 

4.9 

66 

371 

9. 

M 

33 

21/2 

21/2 

2 

89 

4.4 

130 

401 

10. 

M 

36 

4 

11/2 

2 

84 

4.4 

55 

347 

11. 

M 

37 

21/2 

21/2 

2 

92 

5.1 

40 

417 

12. 

M 

38 

3 

3 

2.5 

105 

5.3 

86 

356 

13. 

M 

21 

6 

3 

1.7 

90 

4.9 

56 

421 

14. 

M 

27 

2 

2 

2 



70 

329 

15. 

M 

27 

2 l/-i 

2 V2 

2 

80 

4.0 

75 

295 

16. 

M 

47 

21/2 

21/2 

1.5 



(251) 

357 

17. 

M 

36 

3 

3 

1.5 



77 

483 

Mean value: 

(95) 

75 

362 


had served as donors repeatedly in the past year. On repealed 
loss of blood the organism will have to regulate its iron melab- 
olism so that the iron is absorbed more readily than normally 
— if the organism is not to get poor in iron. For, according to 
Hahn (1937), the storage iron is only sufficient to replace about 
30 — 50 ®/o of the normally circulating hemoglobin. In several of 
the subjects here examined the losses of iron through the repeated 
venipunctures (about 400 ml. blood each time) have been so 
large that the storage iron fraction has not been sufficient to 
replace the loss of iron. The present withdrawal of blood was 
made at a time after the last venipuncture when the hemoglobin 
level should have become normal again if the rate of regenera- 
tion had been normal. The results are given in Table 35. 

The hemoglobin values and red blood counts found in a 
majority of these, cases are slightly subnormal. This applies. also 
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to serum iron, which in 13 of the 17 examined donors was under 
100 Y ®/o. Of the remaining subjects, 2 showed perfectly normal 
values, while 2 gave abnormally high values.^ Largely, the values 
here obtained for serum iron agree with those observed by Skold 
& Waldenstrom (1940) in persons who had given blood several 
times within one year. In their material, however, there is no 
case with abnormally high values. The mean value for the satura- 
tion limit in our material is 362 + 12 y Vo as against the normal 
value of 315 + 3.3 y Vo. The difference is statistically significant. 

That the saturation limit may rise after repeated venipunctures 
is also indirectly evident from the observation reported by Vahl- 
quist (1940). He performed a peroral iron tolerance test on a 
male subject who in the last 12 weeks had furnished blood 3 
times, the last of which was 3 weeks before. This subject now 
showed a rise in serum iron of over 400 y ®/o, which naturally 
implies that his saturation limit must have lain at an abnormally 
high level. 

The writer’s material shows no decided connection between 
variations in hemoglobin, serum iron and saturation limit. It may 
be pointed out merely that serum iron shows a tendency to lower 
values than normally, while the saturation limit has a tendency 
to values above the normal. 

Sideropenic Anemia. 

In recent years the term » sideropenic anemia* has become a 
collective designation for anemias that may be abolished by means 
of an adequate iron therapy. The cause of the iron deficiency 
may vary: increased loss of iron (pregnancy, chronic hemorrhage), 
difficulty in iron absorption (achylia), or decrease in the iron 
supply (diet poor in iron). This group of anemias should also 
include the so-called » essential sideropenic anemia* the patho- 
physiological basis of which is still obscure. A constitutional fac- 
tor appears also to be of importance to the appearance of sidero- 
penic anemia (Lundholm 1939). 

In the writer’s material, chronic hemorrhage has been the 
predominant cause of sideropenic anemia. The variations in the 

‘ It cannot be excluded that these persons may have taken iron. 
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Table 36. 

Saturation limit in patients with chronic hemorrhagic anemia. 


Case 

No. 

Sex 

Age 

Hb 

0/0 

R. b. c. 
mill./emm 

Sedimen- 
tation rate 
mm/hour 

Serum 

iron 

Y '^/o 

Saturation 
limit Y 0/0 

Date 

1 . 

F 

46 

59 

3.0 

11 

38 

455 


2 . 

F 

38 

58 

2.9 

15 

25 

400 


3. 

F 

40 

55 

4.4 

15 

24 

430 


4. 

F 

61 

52 

3.6 

8 

47 

406 


5. 

F 

46 

31 

2.6 

5 

16 

388 





50 

3.8 


20 

435 

14/4 

6. 

M 

41 

58 

4.3 

8 

58 

445 

25/1 




69 

4.7 


52 

490 

4/2 

7. 

F 


56 

3.0 

10 

32 

383 


8 . 

M 

33 

57 

3.7 

26 

29 

564 

23/11 







53 

392 

12/12 




85 

4.9 


47 

380 

18jfl2 




58 

3.6 


28 

458 

• 9/1 




70 

4.0 

12 

47 

483 

15/1 




73 

4.1 


70 

482 

22/1 




76 

4.2 


52 

420 

19/2 

9. 

M 

50 

34 

3.0 

19 

26 

436 


10 . 

F 

66 

36 

2.9 

48 

38 

440 


11 . 

F 

35 

60 

3.1 

• 12 

32 

378 



1. Cystic hemorrhagic metropalhy. 

2. Myomata of uterus with menorrhagia. 

3. Cervical polyp of uterus with menorrhagia. 

4. Metrorrhagia; duodenal ulcer. 

5. Increasing tiredness during the last year. Menstruation more frequent 
than previously. Pronounced sideropenic epithelial symptoms. Iron therapy. 

6 . 2 weeks before admission, shortness of breath and anxiety on work- 
ing. No source of bleeding established by the examination. Iron therapy. 

7. Cesarean section 1 year before. Since then, abdominal trouble. 

8 . Changes in the blood values (Hb. and r.b.c.) show that the patient has 
had 2 intestinal hemorrhages, one before admission, the other at home 
between * 8/12 and ^li. During both periods, Weber positive. Autopsy diagnosis 
(problaparatomy) : Schaumann’s disease; cirrhosis of liver (Laennec). 

9. Weber positive repeatedly. X-ray diagnosis: Cancer of colon. 

10. Last 6 months, increasing tiredness. Palpable tumor of stomac . 
Weber strongly positive. 

11. Menometrorrhagia. For several years, profuse bleedings. 
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Table 37. 


Case 

No. 

Sc.v 

Age 

Hb 0/0 

R. b. c. 
mill./cmm 

Sedimenta- 
tion rate 
mm/hour 

Scrum iron 
T °/o 

Saturation 
limit Y o/o 

1. 

F 

38 

GS 

3.2 

7 

18 

390 

2. 

F 

81 

57 

3.2 


36 

374 

3. 

F 

18 

47 

3.6 

28 

13 

290 

4. 

F 

G4 

G8 

3.7 

1 

86 

196 1 


1. Complaints of sterility and amenorrhea. Past history negative as to 
cause of sidropenia. 

2. Last G months, more pale; loss of weight. Complaint of hoarseness. 
Rccurrens paralysis. 

3. Tiredness; muscular rheumatism; sidropenic epithelial symptoms. 
Menses normal. Free hydrochloric acid in the stomacli juice. 

4. 6 months ago, serum iron 1G4 y “/o (Hb 90 ®/o; r.b.c. 4.5/cmm). All 
typical sidropenic epithelial symptoms, including marked hypopharyngeal 
stenosis. Treated with iron and vitamin B. Stenosis persisting, and anemia 
has developed. 


saturation limit in connection with the increased iron requirement 
during pregnancy has been dealt with already in Chapter V. In 
Table 36 the results are given of serum iron and saturation limit 
determinations on patients with anemia after chronic hemorrhage. 
Whether the hemorrhages have brought about the anemia in all 
the cases could not be decided with certainty, of course, but at 
any rate they must have constituted a contributory factor. 

As was to be e.\pected, the serum iron value was low in all 
the cases. In contrast hereto, the saturation limit was high. Patient 
No. 8, who was under observation for a considerable length of 
time, shows how the values for the saturation limit increase after 
the hemorrhages and then fall off again towards the normal level 
when the hemoglobin values begin to turn normal. 

In all these cases the quotient iron-binding capacity 

, ,y ^ latent 

was less than 0.2-. 

So, in latent or manifest iron deficiency resulting from con- 
siderable loss of iron (pregnancy or repeated loss of blood) the 
values for the saturation limit rise above the normal level. These 
conditions are also characterized by the fact that iron given by 
mouth is absorbed more readily than normal. 
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Table 37 gives a schematic survey of some patients with sidero- 
penic anemia due to causes other than chronic hemorrhage. 
Cases 1, 2 and 3 may possibly belong to the group of essential 
sideropenic anemia even though patients Nos. 1 and 2 appear to 
have normochromic anemia (analytical error?). Cases 1 and 2 
show the same relation between the serum iron concentration and 
the saturation limit as was seen in cases of chronic hemorrhagic 
anemia. Case 3, which is the only unquestionable case of chlorosis 
here observed, shows a normal value for the saturation limit. 
Case 4 (see clinical remarks) gives a low value for the satura- 
tion limit. More likely, however, this patient was not suffering 
from sideropenia but possibly from riboflavin deficiency. 


Chapter VII. 


Serum Iron and Saturation Limit in 
other Diseases. 

Diseases with Increased Intravital Hemolysis. 
Pernicious Anemia. 

In untreated pernicious anemia the serum iron concentration 
is usually high (175 — 300 y ®/o). On institution of liver therapy 
it rapidly decreases to subnormal values. Thus a pronounced 
fall in serum iron is usually observed as early as 1 — 2 days after 
intramuscular injection of a liver preparation. 

Waldenstrom (1944) has shown clearly, that the rise in serum 
iron after intravenous injection of iron (10 mg.) is lesser in 
patients with untreated pernicious anemia than in normal sub- 
jects. After the liver therapy had been commenced and the serum 
iron values had fallen, he found a normal rise in serum iron 
when the intravenous injection of iron was repeated. 

Writer’s Findings. 

The serum iron concentration and saturation limit were deter- 
mined on patients with pernicious anemia before and during liver 
therapy. The results are given in Table 38. 

The values for serum iron are quite in keeping with those 
obtained by other investigators before and after institution of 
liver therapy. 

The mean value for the saturation limit at the commencement 
of the treatment was 236 + 9 y ®/o. The difference between this 
and the mean value for the normal material (315 ±3.3 y ®/o) is 
significant. 
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Table 38. Saturalion limit in pernicious anemia. 


Case 

No. 

Sex 

Age 

Days after 
beginning of 
liver therapy 

Hb. 0/0 

R. b. c. 
mill./cmm. 

Serum iron 
Y o/o 

Saturation 
limit Y Oio 

m 

M 

61 

0 

40 

1.5 

167 

157 




5 



48 

152 




12 

62 

2.6 

31 

170 

2, 

M 

66 

0 

46 

1.9 

219 

200 




2 



196 

187 




3 



139 

180 




12 

53 

2.5 

58 

217 

3. 

M 

80 

0 

28 

1.0 

128 

200 




7 



20 

152 




12 

40 

1.7 

18 

165 




24 

56 

2.7 

18 • 

200 

4. 


76 

3 

53 

2.0 

29 

210 

5. 

M 


0 

39 

1.5 

193 

210 

6. 

M 

56 

0 

51 

1.7 

204 

236 

7. 

M 

69 

1 

36 

1.3 

169 

242 




3 



63 

250 

8. 

M 

48 

0 

33 

1.9 

197 

245 




4 



136 

256 

9. 


75 

0 

40 

1.5 

206 

245 




4 



42 

250 

10. 

M 

72 

0 

32 

1.2 

253 

248 




2 



58 

246 




7 



38 

230 




18 



33 

210 




27 

48 

3.4 

36 

255 

11. 


58 

0 

79 

3.5 

113 

250 




3 



136 

240 

12. 


62 

0 

52 

1.9 

203 

256 




2 ^2 



22 

230 

13. 


58 

0 

60 

2.0 

202 

260 




4 



98 

244 




16 



22 

222 




22 

73 

2.6 

28 

248 


HH 


I II 





14. 


56 

0 

27 

1.1 

187 

262 




1 



120 

248 




4 



46 

256 




8 



188 

290 




15 3 

40 

2.0 

20 

280 

15. 

M 

62 

0 

12 

0.6 

285 

265 




7 

27 

1.5 

16 

164 




18 



25 

229 




26 

52 

2.9 

20 

243 

IG. 

M 

53 

0 

21 

0.8 

281 

285 




3 

27 

1.4 

28 

180 




30 

58 

2.7 

20 

280 

17. 

M 

45 

0 

78 

3.4 

72 

182 




4 



22 

196 




20 

86 

3.7 

70 

255 
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Five patients gave serum iron values that practically were 
equal to the values for the saturation limit. In some cases the 
serum iron concentration was even higher than the corresponding 
saturation limit. These differences are so small, however, that 
they are not established — . in view of the analytical error for 
the determinations. 

Clinically the serum iron values are taken as an expression 
of the actual phase of the iron metabolism. When a patient shows 
a serum iron concentration of 150 y Vo, this is usually taken 
as a perfectly normal value. But this is correct only if the satura- 
tion limit is about 300 y Vo. If we find a serum iron value of 
150 y Vo in a patient suspect of pernicious anemia, a determina- 
tion of the saturation limit may possibly reveal that the serum 
iron value is not at all to be looked upon as normal but actually 
as a maximal value for the patient in question. As a matter of 
fact a low value for the latent iron-binding capacity is even more 
characteristic of the untreated pernicious anemia than is a high 
serum iron concentration. 

After the institution of liver therapy the serum iron concen- 
tration falls to low values without the saturation limit being 
influenced in any particular degree (exceptions to this rule are 
seen in Cases 3, 15 and 16 in Table 38). This has been pointed 


Table 38. 

1. Reticulocyt. max. (129 °/oo) on 5’ day. 

2. Relatively inactive test preparation. Reticulocyt. max. 15 ®/oo. . 

3. 2’ — 5’ day, fever about 38 — 39° as reaction to liver therapy. Reticulo- 
cyt. max. (188 ®/oo) on 6’ day. 

4. Reticulocyt. max. (89 “/oo) on 3’ day. 

7. Reticulocyt. max. (169 “/oo) on 6’ day. 

8. Reticulocyt. max. (89 '’/oo) on 6’ day. 

9. Reticulocyt. max. (180 '’/oo) on 6’ — T day. Complication: Polyp, malign, 
of stomach. 

10. Reticulocyt. max. 368 '’/oo) on 6’ day. 

11. The patient had been treated earlier with success. 

12. Reticulocyt. max. (187 '’/oo) on 5’ day. 

13. Reticulocyt. max. (92 '’/oo) on 6’ day. , 

14. The patient was treated with a test preparation. First reticulocyt. 
max. (152 '’/oo) on 6’ day. Second reticulocyt. max. (96 '’/oo) on 5’ day. 

15. On 2’ — 6’ days fever about 40° in response to liver therapy or blood 
transfusions. Reticulocyt. max. (104 '“/oo) on 10’ day. 

16. On 2’ — 5’ days fever, about 39 — 40° in response to liver therapy or 
blood transfusions. Reticulocyt. max. (147 '’/oo) on 8’ day. 

17. Achrestic, anemia. No response to liver therapy, but to folic acid. 
Reticulocyt. max. (69 ’’/oo) on 6’ day. 
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out previously by Holmberg & Laurell (1945). Some of the 
patients show a slight fall in the saturation limit, but this appears 
later than the decrease in serum iron, and it is followed again 
by a distinct rise towards the normal level. ^ Cases 3, 15 and 16 
are of interest because the values for the saturation limit here 
decreased markedly in the beginning of the treatment. These 
patients were in a poor condition. In the beginning of the treat- 
ment they responded with fever (about 40°) for a couple of days 
(in Cases 3 and 15, besides injection of the liver preparation, 
blood transfusions were given too). As will be shown in the 
following, usually the saturation limit is lowered markedly in 
febrile infections. Most likely, the fall in the saturation limit in 
Cases 3, 15 and 16 is attrihutable to the fever reaction. 

Other Diseases with Increased Intravital Hemolysis. 

Table 39 gives a survey of the saturation limit in 6 patients 
suffering from hemolytic anemia other than pernicious anemia. 
As pointed out already, usually the saturation limit is lower than 
normal in patients with pernicious anemia. Also in these 6 pa- 
tients, with hemolytic anemia the values for the saturation limit 
are lower than normal. Still, this material is all too small and 
non-homogeneous to allow of any conclusion in this respect. 

On increased hemolysis there is also an increase in the amount 
of globin liberated through the decomposition of hemoglobin. 
As the saturation limit does not rise with increasing hemolysis, 
the iron-binding component in serum is not very likely to be 
identical with globin. 


Diseases of the Liver. 

Acute Hepatitis. 

In the acute hepatitis the serum iron concentration is usually 
found to be high during the first weeks of illness (for literature, 

* The patients left the hospital before complete hematological restitution 
was attained, and hence, unfortunately, the presenfmaterial furnishes ho data 
on the value for the saturation limit in treated patients with a normal blood 
picture. 
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Table 39. 

Saturation limit in hemolytic anemia. 


Case 

No. 

Sex 

Age 

Date 

Hb 

0/0 

R. b. c. 
mill./cmm 

Serum 
bilirubin 
mg o/o 

Serum 

iron 

Y o/o 

Saturation 

Limit 

Y 0/0 

1. 

M 

67 


36 

1.7 

2.8 

159 

188 




3/2 

34 

1.5 

1.6 

201 

205 




10/2 

30 

1.3 


190 

202 






seven b 

lood transfusions 




38/2 

53 

2.6 


254 

280 

2. 

F 

69 

21/11 

27 

1.4 

0.5 

252 

276 






blood trans 

fusions 





26/11 

34 

1.7 

0.5 

113 

259 

3. 

M 

50 

13/11 

66 

3.7 

2.7 

92 

234 




23/11 

77 

3.9 


114 

230 

4. 

F 

70 

3/10 

34 

1.5 

6.2 

74 

240 






blood trans 

fusions 





3/10 

38 

1.75 

7.2 

110 

115 

5. 

F 

60 


42 

2.5 

2.9 

49 

245 

6. 

M 

58 

*/ l 2 

97 

4.8 


11 

220 




10/12 

82 

4.3 


76 

240 • 




18/12 

76 

3.9 


98 

246 


1. Increasing tiredness for half a year. Temperature 37 — 38°. Reacts 
with max. 20 ®/oo reticulocytes on liver therapy. Bone marrow’: Rich in cells. 
No pathological cells. 

2. Exitus. Autopsy diagnosis: Toxic anemia of hemolytic type. 

3. Acute onset on ®/n. Typical hemolytic icterus with increased osmotic 
fragility. 

4. Increasing tiredness for the last 6 months. In the hospital 30 — 50 ®/o 
reticulocytes. Sedimentation rate 154 mm./hour. Temperature about 38°. 

5. Splenomegaly. Tiredness and icterus for the last 6 months. lOO °/oo 
reticulocytes without any therapy. 

6. Dementia paralytica. Malaria therapy. Temperature: */« — 40°, ‘®/ia — 

40.2°, — 37°. 


see Vahlqiiist [1941] and Brochner-Mortensen [1943]). The 
highest values for serum iron are found about simultaneously 
with the highest values for bilirubin or after the latter have 
commenced to decrease. Often the serum iron keeps at a high 
level also for some length of time after the bilirubin value has 
commenced to fall. 

Several theories have been advanced concerning the cause of 
the rise in serum iron in acute hepatitis. As a large part of the 
storage-iron fraction of the. organism is located in the liver in 
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the form of ferritin, it seems rather reasonable to assume that 
the rise in serum iron during the acute phase of the hepatitis 
is due to liberation of iron from the liver cells, and that the 
regulatory influence of the liver upon the serum iron level is 
put out of function. 

The results that have been published from peroral, intra- 
muscular and intravenous iron tolerance tests on patients with 
acute hepatitis suggest that occasionally changes may appear also 
in the iron-binding component content of the serum. Walden- 
strom (1944) has presented his own results together with some 
unpublished investigations by Uhnoo which show that after per- 
oral administration of iron to patients with acute hepatitis 
showing a serum iron concentration over 200 y the rise in 
serum iron is just as high as in normal subjects — in a few 
patients it even rose above 400 y */o (maximal value observed, 
about 600 y Vo). In two patients Brechner-Mortensen (1942) 
found a serum iron value of about 450 y Vo after intravenous 
injection of 10 mg. iron. 

Presumably these high serum iron values have been due to 
an abnormally high saturation limit in the respective patients. In 
one case of acute hepatitis Holmberg & Laurell (1945) found the 
saturation limit of 690 y Vo. 

Writer’s Findings. 

In order to see whether the saturation limit might show any 
regular changes in the course of the lesion, the saturation limit, 
serum iron and bilirubin were determined repeatedly on 10 pa- 
tients suffering from acute hepatitis. The findings are recorded 
in Table 40. 

From the laboratory notes on the course of the disease in the 
individual cases (Table 40) it is evident that in most of the 
patients the highest values for serum iron were found about 
simultaneously with the maximal values for bilirubin. In 3 of 
the 10 cases the highest serum iron value was not obtained until 
the bilirubin values had commenced to fall. No definite connec- 
tion can be established between the height of serum iron and 
the bilirubin concentration. Thus the variations in serum iron 
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Table 40. Saturation limit in acute hepatitis. 


Case 

No. 

Day of 
illness 

Serum 

Satu- 

ration 

limit 

r °/o 

Thvmol 

(Ex) 

Serum 

1 

bili- 
rubin 
mg ®/o 

iron 

Y °/o 

citric 

acid 

Y/ml. 


Takata 

1. 

o 

8.2 

156 

302 

0.51 

37 

18 

neg. 


10 

2.1 

193 

350 

0.74 





lo 

1.9 

198 

375 






29 

0.2 

46 

390 

0.07 




2. 

7 

3.3 

204 

517 

0.32 

43 

20 

neg. 


11 

2.5 

167 

515 






36 

0.9 

105 

532 

0.17 




3. 

5 

8.4 

135 

285 

0.39 

39 

13 

neg. 


10 

8.6 

177 

290 






16 


180 

320 






49 

0.7 

111 

274 





4. 

14 

6.5 

261 

438 

0.26 





34 

0.9 

124 

366 

0.06 





40 

2.8 

172 

374 

0.05 





48 

2.8 

166 

405 

0.50 




5. 

7 

7.4 

165 

307 

0.89 

24 

6 



12 

8.2 

167 

307 


29 

7.5 



22 

3.6 

131 

349 





6. 

10 

1.8 

178 

366 


35 

10 



16 

1.0 

109 

394 





7. 

7 

2.1 

124 

307 

0.19 

28 

12 

neg. 


13 

0.9 

210 

392 

0.20 

25 




20 

0.9 

166 

400 

0.30 





27 

0.5 

135 

385 

0.15 





37 

0.5 

65 

380 

0.14 





46 

1.6 

108 

370 






60 

0.7 

184 

344 

0.13 




8. 

4 

8.6 

243 

290 

0.23 





27 

6.5 

252 

301 

0.23 

30 

9 

neg. 


32 

4.4 

201 

290 

0.08 





39 

2.9 

163 

376 






48 

2.1 

180 

350 

0.07 

26 

7.5 



54 

1.5 

208 

370 






69 

1.0 

125 

336 





9. 

5 

7.4 

241 

233 

0.54 

42 

7 

pos. 


8 

7.6 

145 

223 






12 

8.7 

139 

241 






17 

4.2 

175 

280 






22 

2.3 

166 

276 






29 

1.5 

125 

292 

H89 

26 

8 



69 

0.8 

157 

335 






99 

0.8 

147 

365 

Hzfl 





115 

0.6 

101 

356 





10. 

11 

10.6 

217 

233 

0.53 

40 

10 



17 

8.2 

244 

357 






22 

6.4 

277 

393 






34 

1.8 

179 

362 






46 

1.3 

no 

340 






53 

1.2 

103 

295 
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and serum bilirubin in the patients here examined are quite in 
keeping with the findings reported by previous investigators. 

The material is too small, however, to allow of any definite 
conclusions as to variations in the saturation limit in the course 
of acute hepatitis. Still, it is plainly evident that the values for 
the saturation limit change in the healing phase of the disease. 

All the patients were examined in 4 — 14 days after the first 
symptoms of the disease had been noticed. In two cases, Nos. 9 
and 10, the value for the saturation limit was subnormal at the 
first examination. Two patients. Nos. 2 and 4, showed abnormally 
high values, while the remaining 6 values at the first examina- 
tion fell within the normal limits of variation. 

In all the cases — perhaps with the exception of No. 4 — 
there was a more or less protracted rise in the saturation limit 
in connection with the improvement of the patients. Usually the 
maximum values for the saturation limit did not appear until 
the values for bilirubin and serum iron had commenced to fall 
and the disease was regressing. It is to be noted in particular 
that Case 9, which was the most protracted in this material, 
showed at first a low value for the saturation limit which gradu- 
ally returned to a normal level but slowly. 

At some time in the course of the disease, most of these cases 
showed a saturation limit that was higher than is usually seen 
in normal subjects; and this explains why previous authors some- 
times have found unusually high values for serum iron in in- 
travenous or peroral iron tolerance tests on this kind of patients. 


Cirrhosis of the Liver. 

Table 41 gives the findings in 5 patients suffering from cirrhosis 
of the liver and 1 patient suffering from recurrent hepatitis with 
poor tendency to healing. The last-mentioned patient (1) showed 
a distinct decrease in the saturation limit during the progressive 
stage of the disease, with a slow return to normal level on 
occasional improvement. The Takata-Ara test showed pathologi- 
cal flocculation throughout. 

In all the five patients with cirrhosis of the liver the satura- 
tion limit was distinctly lowered. 
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Table 41. 

Saturation limit in cirrhosis of the liver. 


Case 

No. 


Serum 

Satu- 

ration 

limit 

Y Vo 

Thymol 

(Ex) 

Serum 

Takata 

Hb 

0/0 

R.b.c. 

mill./ 

emm 

bili- 
rubin 
mg Vo 

iron 

Y Vo 

citric 

acid 

Y/ml. 

phospha- 
tase (E) 

1. 

15 

3.4 

83 

250 

0.44 

54 

40 

++ 

73 

3.5 


22 

4.1 

76 

232 







36 

2.1 

86 

294 


42 

31 

4'+ 




56 

1.8 

78 

280 




++ 




86 


155 

255 








145 

2.8 

184 

250 

0.05 




79 

4.0 


210 

.5.3 

157 

210 

0.52 

34 

75 


84 

4.2 

2. 


2.2 

85 

181 

0.59 

43 

11 

++ 

81 

3.9 

3. 


0.6 

39 

105 

0.11 




43 

2.1 

4. 



45 

152 





58 

2.8 

5. 


0.7 

50 

148 

0.26 

27 

6 

++ 

78 

4.0 

6. 


4.4 

134 

1.52 

0.28 

37 

9 

++ 

82 

3.8 



2.1 

92 

175 

0.37 


7 





1. Acute hepatitis 1 year ago. 

2. Acute hepatitis about 1 year ago. 

3. Hepatosplcnomegaly. Abdominal complaints for 3 years. 

4. Diagnosis at autopsy: Cirrhosis of liver. 

5. Half a year ago, icterus and fever. Now ascites. 

6. Chronic alcoholism for at least 10 years. Increasing tiredness during 
the last year. 


Acute and Chronic Infections. 

It has long been realized that patients with severe acute or 
chronic infections often develop anemias that are refractory to 
iron therapy. A great many investigations have been carried out 
to ascertain the cause of these infection anemias. 

Robscheit-Robbins & Whipple (1936) showed that in an anemic 
dog the blood regeneration was inhibited by intramuscular injec- 
tion of terpentine resulting in an aseptic inflammatory process. 

In particular, Heilmeyer (1937—1941) has investigated the iron 
metabolism in cases of infection and intoxication. Acute infec- 
tions and intoxications are associated with a very rapid fall in 
serum iron, which does not return to a normal level until the 
inflammatory condition has subsided. Heilmeyer (1937) advanced 
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the hypothesis that the iron requirement of the reticulo-endo- 
thelial system was increased during infections. He took the 
appearance of the anemia to be a secondary phenomenon re- 
sulting from the low serum iron level in inflammatory condi- 
tions. Schafer (1942) was able to show, however, that the serum 
iron level could almost be normalized through intensive iron 
therapy also in the infectious state of the patient though without 
the anemia being abolished. Schafer (1942) also studied the iron 
metabolism in infected mice, and found that such animals ab- 
sorbed more iron than normally; but this iron was not used for 
synthesis of hemoglobin. Instead, he found an increase in the 
iron content of the liver and the spleen. Also Sandberg & Holly 
(1942) found the iron content of the liver and spleen to be 
increased in connection with infections. 

In connection with their own investigations, Hemmeler (1946) 
and Cartwright, Lauritsen, Jones, Merril & Wintrobe (1946) have 
reviewed the literature on infection anemias. Hemmeler points 
out that the infection anemias are normochromic or slightly 
hypochromic, that they appear more rapidly in diseases with 
high fever, and that they are not influenced by iron therapy. 
»As soon as the infectious disease is cured, regeneration of the 
blood is very pronounced, a phenomenon which is characterized 
in the blood by marked reticulocytosis.!> » Comparative studies 
of the blood and marrow permit the conclusion to be drawn 
that the infectious anemia is consecutive to an insufficient neo- 
formation of red corpuscles, provoked by a disturbed maturation 
of the erythropoiesis.D 

Hahn, Bale & Whipple (1946) found that when radioactive 
iron is given by mouth to an animal in which a terpentine abscess 
is developing, the amount of radioactive iron found in the red 
blood cells in the following days is less than would be expected. 
On this account they assumed that in inflammatory conditions 
the absorption of iron is lower than normally. Dubach, Moore 
& Minnich (1946) have pointed out, however, that the amount 
of radioactive iron found in the red blood cells after ingestion 
of this form of iron cannot be taken as an expression for the 
amount of iron absorbed in the inflammatory condition because 
the erythropoiesis in the bone marrow then is impaired. 
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In experiments with radioactive iron Cartwright and colla- 
borators (1946) have shown that in infectious conditions iron is 
eliminated from the blood plasma more rapidly than normally. 
»As a result of inflammatory reaction, iron is diverted to the 
tissues and is not made available for hemoglobin synthesis. » 
Greenberg, Wintrobe ct al. (1947) have shown in experiments 
with radioactive iron on pigs that »the anemia of infection is 
caused by impaired hemoglobin production*. These authors (1947) 
also gave radioactive iron intravenously, drop by drop, to pa- 
tients with chronic infections but were unable in this way to 
find any increase in the erythropoiesis. » Since even very intensive 
iron therapy is ineffective*, they say, *it follows that iron is not 
the limiting factor in the production of the anemia, even though 
diversion of iron from the plasma does occur*. These authors 
also injected radioactive iron into infected rats on which autopsy 
was performed 3 — 4 days later. The injected iron was then found 
chiefly in the liver and spleen, but only an insignificant amount 
in the inflammatory foci. 

Holmberg & Laurell (1945) determined the saturation limit on 
some patients with various infectious processes, and found the 
values in these cases to be subnormal. 

Greenberg, Wintrobe et al. (1947) have also investigated the 
variations in serum iron when iron was injected intravenously 
into patients with some infectious lesions. They found »that in 
both the normal subject and in the patient with infection, some 
mechanism acts to prevent the iron level from rising to the 
expected values after injection of iron. In the patient with infec- 
tion this ’brake’ apparently acts at a lower level of iron.* Thus, 
also this observation indicates indirectly that the saturation limit 
in infections is lower than normally. 

In order to elucidate the intermediary iron metabolism in acute 
and chronic infections the serum iron and saturation limit have 
been determined in various infectious conditions. 

Acute Infections. 

The findings obtained are reported in Table 42, from which 
it is evident that the serum iron was low in all the patients 
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Table 42. 


Saturation limit in acute infections. 


Case 

No. 

Se.x 

Age 

Sedimentation 
rate mm hour 

Dax' of 
illness 

Tempe- 
rature ° 

Serum 
iron Y “/o 

Saturation 
limit Y 

1. 

M 

35 

32 

4 

38 

12 

186 





7 

37.2 

56 

253 




47 

11 

30.8 

05 

296 

2. 

M 

38 

80 

15 

38 

28 

165 




82 

28 

37—38 

77 

259 




25 

48 

37 

92 

256 

3. 

M 

43 

49 

9 

38.5 

18 

175 





13 

37.8 

45 

105 





.17 

37.4 

08 

204 

4. 

F 

24 

03 

4 

38.0 

10 

210 





9 

37 

8 

220 





13 

37 

18 

202 

5. 

F 

74 

14 

30 

38.5 

20 

180 




4 

45 

38—39 

30 

149 





00 

37—38 

02 

178 

6. 

F 

70 

31 


37.2 

30 

186 

7. 

M 

01 

0 

(5) 

37—40 

21 

132 

8. 

M 

52 



38.4 

20 

208 

9. 

M 

43 

101 

12 

39 

35 

155 

10. 

F 

22 

22 

(2) 

39 

12 

190 

11. 

F 

59 

05 


37.2 

71 

88 

12. 

F 

08 

28 

30 

37 

03 

230 

13. 

F 

54 

35 

2 

39.2 

42 

245 

14. 

1' 

IS 

45 

0 

38.8 

18 

210 

15. 

M 

27 

57 

14 

40.8 

39 

140 


1. Lobar pneumonia, righl. Temperature 40° on 2’ day of illness, 39° 
on 3’ day. 

2. Lobar pneumonia, left, with myocarditis. Temperature about 38° for 
3 weeks. 

3. Atelectasis, left lung. Slow return of temperature to normal level. 

4. Lobar pneumonia. 

f). Fever from unknown cause. 

0. Softening of the brain; Femoral thrombosis; Pulmonary embolism(?) 
(11 days earlier, temperature 39°.) 

7. For 5 days: Temperature var 3 'ing between 37° and 40°. Serum pro- 
tein 4.4 "/o. 

8. Postoperative febrilia (after pulmectomj'). 

9. Lobar pneumonia, right, with empj’ema. Temperature 40 — 39° for 
11 da3s. 

10. Uterine abrasion for metrorrhagia, 2 da 3 's earlier. 

11. Pleuropneumonia, right; Chronic nephritis; chronic polyarthritis. 
Under convalescence after pneumonia, the patient had a relapse and has 
just become afebrile through penicillin thernp 3 ’. 

12. Thrombosis of left femoral vein. 

13. Rheumatic fever with acute tonsillitis. 

14. Exudative pleurisv' (tuberculous). 

15. Sepsis (pyocyancus) after operation. 
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examined. Further, it ought to be noticed that m t e p 
material the values for the saturation limit were generally lower 
than normally. No absolute connection was found between the 
temperature of the patient and the value of the saturation him , 
even though the lowest values generally were found in patients 

with a relatively high temperature. 

On comparison between the values obtained for serum iron 
and the saturation limit in this material and the normal material 
it is found that the serum iron and the saturation limit appear 
to be lowered to about the same extent in infections. This implies 
that the value for the latent iron-binding capacity of the serum 
does not change in any particular degree. In acute infections thus 
the type of fall in serum iron differs from that observed in in- 
creased erylhropoiesis, as regeneration of the blood is not as- 
sociated with any fall in the saturation limit (increase in the 
latent iron-binding capacity). 

It has been ascertained that the serum iron concentration falls 
markedly already in the first days of fever {e.g., Heilmeyer 1937). 
It has not been possible to decide conclusively whether the fall 
in saturation limit chronologically accompanies the decrease in 
serum iron. Still, the saturation limit appears to fall chiefly during 
the high-febrile stage of the infection. Later, when the infection 
subsides and the temperature falls, the value for the saturation 
limit returns again to a normal level though more slowly than 
the temperature (Cases 1 — 5). 

Why the value for the saturation limit falls in connection 
with an acute infection is still unsettled. This decrease may 
either be due to inhibition through the infection of the formation 
of iron-binding component, or the entire serum iron-protein 
comple.x may leave the blood stream in acute infections in order 
to meet some functional requirement in the combating of the 
infection by the organism. 


C/irontc Infections. 

'vilh pulmoirary luberculosis. ““ patients 
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Table 43. 


Saturation limit in chronic rheumatic polyarthritis. 


Case 

No. 

Sex 

Age 

Hb 0/0 

R.b.c. 

mill./cmm 

Sedimen- 

tation 

rate 

mm/hour 

Serum 

iron 

Y O/o 

Satura- 
tion limit 

r ®/o 

1. 

M 

42 

95 

4.7 

61 

59 

312 

2. 

M 

34 

108 

4.8 

17 

130 

294 

3. 

M 

33 

104 

4.5 

45 

105 

287 

4. 


55 

95 

4.8 

51 

42 

274 

5. 

iM 

45 

116 

5.4 

36 

27 

264 

6. 

M 

35 

120 

5.0 

15 

140 

258 

7. 

M 

54 

110 

4.6 

36 

102 

228 

8. 

M 

29 

89 

4.1 

81 

61 

228 

9. 

M 

52 

no 

4.7 

61 

32 

222 

10. 

M 

68 

96 

4.0 

72 

58 

216 

11. 

M 

46 

no 

4.9 

78 

71 

211 

12. 

M 

39 

60 

3.8 

136 

34 

150 

13. 

F 

47 

93 

4.3 

56 

56 

378 

14. 

F 

28 

75 

4.2 

31 

42 

372 

15. 

F 

33 

87 

4.8 

43 

54 

295 

IG. 

F 

38 

83 

3.8 

40 

144 

292 

17. 

F 

36 

80 

4.0 

40 

49 

292 

18. 

F 

54 

98 

4.6 

66 

60 

288 

19. 

F 

41 

95 

4.3 

28 

46 

286 

20. 

F 

41 

90 

4.4 

30 

86 

254 

21. 

F 

51 

95 

4.2 

18 

66 

251 

22. 

F 

26 

95 

4.2 

53 

45 

218 

23. 

F 

59 

108 

4.5 

14 

136 

245 

24. 

F 

53 

90 

4.3 

56 

73 

242 

25. 

F 

45 

100 

4.5 

13 

77 

232 

26. 

F 

56 

75 

3.7 

70 

54 

230 

27. 

F 

24 

88 

3.9 

95 

57 

206 

28. 

F 

52 

96 

5,0 

41 

59 

205 

29. 

F 

46 

88 

4.4 

39 

74 

203 

30. 

F 

59 

85 

4.3 

88 

113 

198 


Table 43 shows the findings in afebrile patients with chronic 
polyarthritis, and some febrile cases of the same disease are 
entered in Table 44. 

Generally the values for serum iron obtained in the afebrile 
patients (M=72 y ®/o) are somewhat lower than normally. In 
52 cases of chronic polyarthritis, Lovgren (1945) found a mar- 
kedly low mean value (39 ±3 y «/o). Most investigators, however, 
have found such low values only in febrile patients. 

The mean value for the saturation limit in the afebrile pa- 
tients (255 ± 9 y ®/o) is significantly lower than the mean value 
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Table 44. 

Saturation limit in chronic rheumatic polyarthritis with fever. 


Case 

No. 

Sex 

Age 

1 

HbO/0 

1 

R.b.c. 

mill./ 

emm 

Sedimen- 
tation rate 
mm/hour i 

Serum 
iron Y % 

Satura- 
tion 
limit Y 

Tem- 

pera- 

ture 

1. 

M 

1 

38 

98 

4.5 

65 

75 

174 

38 







86 

257 

37 

2. 

M 

23 

62 

3.4 

123 

42 

157 

38.5 






1 

1 i 

83 

183 

37.2 

3. 

M 

21 

106 

4.5 

104 1 

35 

205 

37 


1. Repeated rise in temperature after injections of coli vaccine. Tem- 
perature falling at first sampling of blood. 

2. 5 days before the first blood sampling the patient received an injec- 
tion of coli vaccine. 

3. 3 days before the blood sampling, rise of temperature (39®) after 

injection of coli vaccine. ' 


found in normal subjects (315 + 3.3 y Vo). In general only the 
febrile patients with chronic polyarthritis and the afebrile patients 
in whom the sedimentation rate exceeds 70 mm./l h. show such 

low values for the saturation limit as are found in acute infec- 
tions. 


The frequency of anemia in this material is low. Still patient 
No. 12 was clearly anemic, and he also presented the lowest value 
tor the saturation limit (150 y Vo). 

The 20 cases of pulmonary tuberculosis examined in this 

mSoT B^^^hner-Mortensen & Stein 

{ 94..) determined the serum iron concentration in 60 cases of 
pulmonary tuberculosis and found as a general rule “ 0 ^ 0 ™™ 
iron was low when the sedimentation rate was hi^b 
when the sedimentation rate was ® 

From Table 45 it will be noticed that in tha 
which chiefly was made up by severe cases of nnl^'™ material, 
culosis, all the patients gave rLtivelv to f P^toonury tnber- 
The values for';he sat«Sti“^h d" 

■n a majority of these cases the valurfaU m 
normal variation, Slill, the mean va ue /mLT o/V 
.cantly lower than the mean value for foe ^ 

« a striking feature that the naticL u material. It 

“ showing subnormal values 
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Table 45. 


Saturation limit in pulmonary tuberculosis. 


1 Case 
No. 

Sex 

Age 

Sedimen- 
tation rate 
mm/hour 

Temperatur 

Serum iron 

r «/o 

Saturation 
limit Y ®/o 

1. 

2. 

3. 

4. 

5. 

6. 

F 

F 

M 

M 

F 

F 

30 

47 

16 

48 

24 

29 


37.1 

37.0 

37.1 

37.9 

37.6 

37.6 

52 

64 

49 

39 

33 

63 

326 

315 

307 

303 

290 

289 

7. 

M 

26 

20 

38.6 

51 

269 

8. 

M 

34 

88 

37.9 

39 

259 

9. 

mm 

49 

68 

37.4 

42 

248 

10 . 


66 


37.0 

60 

246 

11. 

M 

28 

56 

37.2 

56 

234 

12. 

F 

49 

76 

37.4 

26 

233 

13. 

F 

28 

45 

38.0 

26 

232 

14. 



70 

38.1 

19 

230 

15, 


31 

92 

38.0 

49 

216 

16. 


38 

84 

37.8 

48 

2i4 

17. 

F 

62 

60 

39.0 

34 

212 

18. 

F 

24 

34 

38.4 

44 

212 

19. 

F 

53 

75 

38.4 

31 

177 

20. 

F 

61 

120 

37.4 

59 

166 

Mean value: 

44 

249 


1. Recent process on left side, with suspect miliary spreading. 

2. Recent density in left upper lobe with suspect dissolution. 

3. Large progressive parenchymatous process on left side. 

4. Old process. No definite progression. Still, subfebrile during the last 
months. 

5. Accidental progression of old tuberculosis, now decreasing. 

6. Increasing spreading of bilateral tuberculosis. 

7. Large recent parenchymatous process in one lung. 

8. Parenchymatous process in regression. Tuberculous mastoiditis. 

9. Old bilateral tuberculosis in progress. 

10. Bilateral tuberculosis, with chronic nephritis. 

11. Bilateral processes in regression. 

12. Stationary process in right lung. 

13. Old stationary bilateral tuberculosis. 

14. Old bilateral tuberculosis, progressing. 

15. Extensive bilateral tuberculosis with cavitation. 

16. Markedly fibrous process, progressing slowly. 

17. Bilateral processes in roentgenological progression. 

18. Tuberculous pneumonia in slow regression. 

19. Old tuberculosis with bronchiectasis. 

20. Old changes in both lungs. Remittent feber. 
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for the saturation limit generally had a subfebrile or febrile 
temperature — in contrast to the patients showing a normal 
saturation limit. No other definite connection could be made out 
between the clinical condition of these patients and the respective 
values for the saturation limit. Thus, an afebrile patient with 
severe progressive tuberculosis may give a normal value for the 
saturation limit. 

Conclusion. 

High-febrile, protracted infections are associated regularly with 
the development of anemia at the same time as the values for 
serum iron and the saturation limit are lowered. In contrast 
hereto, the appearance of anemia is relatively rare in chronic 
infections with normal temperature, although the values for 
serum iron and saturation limit are somewhat lower than normally. 

Studies on the genesis of infection anemias have made it rather 
probable that the inhibition of the erythropoiesis in infections 
is not due primarily to a deficiency of iron in the bone marrow. 
The serum iron level is low, however, in anemia from iron 
deficiency as well as in anemia accompanying infection. In iron 
deficiency anemia the values for the saturation limit are found 
to be high, whereas they are low in infection anemia. This dif- 
ference may perhaps be taken to corroborate the view that the 
infection anemias are not due primarily to iron deficiency. 

• In infections the decrease in serum iron appears to be due to 
the circumstance that the liver and spleen take up more iron 
from the plasma than normally. 

The decrease of the saturation limit in infections can depend 
upon the same factor as the decrease in the serum iron or possibly 
upon an impaired formation of the iron-binding component 
through the influence of the infection. 


Uremic Conditions. 

In chronic nephritis with increasing renal insufficiency normo- 
chromic anemia usually develops. As a rule, the more severe the 
renal insufficiency, the more pronounced is the anemia. This 
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Table 46. 

Saturation limit in uremia. 


Case 

No. 

Sex 

Age 

HbO/o 

R.b.c. 

mill./ 

cmm 

Non 
protein 
nitrogen 
mg "/o 

Sedimen- 

tation 

rate 

mm/hour 

Serum 

iron 

Y 0/0 

Satura- 

tion 

limit 

Y ^/o 

Tern-' 
pera- ! 
ture 1 

1. 

M 

63 

34 

2.4 

100—200 

145 

42 

186 

37 1 

2. 

M 

o3 

48 

2.5 

50 

80 

32 

234 

37 , 

3. 


69 

82 

4.2 

110 

103 

16 

198 

37 ! 

4. 

M 

52 

41 

2.2 - 

178 

139 

72 

130 

37 i 

One 

month 

later 

32 

1.7 

143 

115 

73 

123 

' 

5. 

M 

61 

64 

3.6 

150—200 

26 

91 

229 

37 i 

G. 

F 

57 

49 

2.8 

180 

59 

26 

■ 176 

37 






Date 




39.1 

7. . 

M 

23 

80 

4.0 

16/2 

116 

10 

88 





19/2 


62 

96 

37.2 






23/2 


,64 

11.1 

37 


1 . 

2 . 

3 . 

4 . 

5 . 

6 . 
7 . 


Chronic pyelonepliritis \vith uremia. 

Chronic nephritis. Urea clearance about 30 ®/o. 

Chronic glomerulonephritis. 

Chronic glomerulonephritis with uremia. 

Chronic nephritis with uremia. 

Bilateral cystic degeneration of the kidney wjth urem)a. 
Nephrosis; acute bronchopneumonia. 


form of anemia is believed to be due to depression of the blood 
marrow function (for literature, see Andereggen 1946). 

In chronic nephritis and uremia serum iron is usually a - 
creased, though sometimes normal (Skouge 1939, talker ’ 

Waldenstrom 1940, Vahlquist 1941 and Brochner-Mortensen 943). 
In a material of 27 paUents. Brochner-Mortensen (1943^^^^ 
shown that in chronic nephritis there usua y is 
between the values for serum iron and hemog 
The writer has determined the serum iron co 
saturation limit on 6 patients with pronounced re 
(Table 46). They all showed subnormal or low 
iron, besides a distinct decrease in the saturation 

The low iron-binding component content loss 

be due either to a decrease in its production or j nation 

of this component. The extremely low value for the 
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limit observed in Case 7 (nephrotic patient with very pronounced 
albuminuria) suggests that the loss of albumin with the urine 
may contribute to a lower amount of iron-binding component in 
the serum. 


Malignant Tumors. 

In patients with malignant tumors the value for serum iron 
is usually low (for literature, see Brochner-Mortensen 1943), re- 
gardless of whether any anemia has developed. 

Heilmeyer (1937) holds that pathophysiologically the anemia 
associated with malignant tumors is closely related to infection 
anemias. He thinks that iron deficiency appears in the bone 
marrow because other tissues in the organism assimilate an in- 
creased amount of iron while the tumors are developing. Nowa- 
days, however, the infection anemias are primarily attributed 
to a toxic inhibition of the bone marrow. Very likely the same 
applies to cancerous anemia even though iron deficiency here 
may be a contributory factor. Naturally, iron deficiency may 
readily arise in cases where the malignant neoplasms are accom- 
panied by hemorrhage — e.g., gastro-intestinal and uterine tumors. 
Thus Waldenstrom (1941) has shown that anemia in cancer of 
the stomach sometimes responds very favourably to iron therapy. 

In order to see how the saturation limit is affected in patients 
with malignant tumors, a number of such patients were examined. 
The results are reported in Table 47. In all these patients the 
lesion had reached an advanced stage, and anemia had developed 
in most of them. In all the cases with exception of No. 3 the 
values for serum iron were found to be low. 

As in infection anemia, the values for the saturation limit are 
here seen to be lower than normally, and lowest in the patients 
who also had fever (tumor -{-infection). It is to be noted, how- 
ever, that in Case 12 (reticulum cell sarcoma) in which there was 
a temperature of 38 — 39°, the value for the saturation limit was 
still perfectly normal. 

All the patients except No. 1 (cancer of the stomach) showed 
a normal color index. Plainly, in Case 1 there was also a con- 





110 


Table 47. 


Saturation limit in malignant tumors. 


Case 

No 

Sex 

Age 

HbO/0 

R. b. c. 
mill./cmm 

Sedimen- 
tation rate 
mm/hour 

Tempe- 

rature 

Serum 

iron 

Y % 

Satumtion 
limit 
r ®/o 

1. 

M 

83 

34 

2.6 

53 

37 

20 

250 

2. 

F 

73 

79 

4.4 

30 

37 

48 

228 

3. 

M 

58 

85 

3.7 

33 

37 

120 

240 

4. 

M 

74 

100 

4.5 

67 

37 

53 

206 

5. 

M 

62 

93 

5.0 

14 

37 

46 

268 

6. 

F 

33 

56 

2.7 

45 

37 

32 

230 

7. 

F 

56 

44 

2.6 

42 

37 

16 

146, 

8. 

F 

68 

64 

3.1' 

50 

37 

40 

130 

9. 

F 

60 

72 

3.5 

19 

38 

21 

170 

10. 

F 

33 

84 

4.2 

34 

37.6 

21 

190 

11. 

F 

77 

57 

3.3 

75 

38.4 

33 

216 

12. 

F 

50 

52 

2.4 

69 

38—39 

36 

292 


1. Cancer of stomach. 79 "/oo reticulocytes on Fe therapy, 

2. Cancer of stomach with metastasis. Ascites. 

3. Cancer of bronchus. 

4. Metastatic cancer (liver, skin and ribs). 

5. Cancer of hypopharynx with metastasis to cervical lymph nodes, right. 

6. Cancer of colli uteri. Delivery 8 months earlier. 

7. Cancer of the cervix. The day before temperature was 39®. 

8. Sarcoma of. tonsil with metastasis to cervical lymph nodes. X-ray 
treatment. Anemia developing in spite of Fe therapy. 

9. Cancer of ovary, inoperable. X-ray treatment. 

10. Cystocarcinoma of ovary. 

11. Cancer of stomach. 

12. Sarcoma reticulosum. 


comitant sideropenia, as .the patient responded to iron therapy 
with a rise in reticulocytes. In Table 36, covering anemia in 
chronic hemorrhage, also 2 cases of cancer with melena are 
included. In these 2 patients the anemia was clearly hypochromic, 
and here the saturation limit was increased just as in other cases 
of sideropenic anemia. This may perhaps be taken to indicate 
that also patients with malignant tumors are able to react with 
an increase in the saturation limit when the anemia is due to 
real iron deficiency. Very likely the prerequisite of this normal 
reaction must be that the general condition of the patient is rela- 
tively unaffected by the presence of the tumor. 

In patients with extensive malignant tumors the values obtaine 
for serum iron as well as for the saturation limit are general y 
Iqjjj — just as in infections. 


Ill 


Leukemias, Myelomatosis and some Other Diseases, 

Patients with myeloid ieukemia arc reported to show normal 
or rather high values for serum iron. 

This is quite in harmony wuth the values found by the writer 
in 9 patients suffering from myeloid leukemia (Table ‘18). Two 
of these patients (Nos. 6 and 8) showed normal values for the 
saturation limit, while the remaining 7 patients showed low values. 

Table 48. 


Saturation limit in leukemias. 


Case 

No. 

Sex 

Age 

Date 

Hb 

0/0 

H.b.c. 

mltl./ 

emm 

White 

cells/ 

emm 

.Serum 
iron Y o/o 

.Satura- 
tion limit 
Y <’/0 

Tem- 

pera- 

ture 

1. 

M 

39 


G2 

3.6 

3 000 

69 

190 

38—39 

2. 

F 

41 

02 1- 

•“/.I 

70 

3.4 

1 500 

184 

200 

37,6 




10/t 

43 

2.0 

3 100 

91 

151 

38.4 

3. 

M 

61 

2S/3 

79 

3.8 

57 200 

140 

19.5 

37.7 

4. 

M 

59 

31/10 

57 

2.7 

15 000 

181 

263 

37 




1'/12 

56 

2.3 

25 000 

149 

260 

37 

5. 

F 

71 


65 

3,2 

170 000 

105 

232 

38 

G. 

F 

32 

21/n 

68 

2.9 

220 000 

123 

318 

37 




10/J2 

70 

3.7 

205 000 

120 

300 

37 




8/1 

82 

3.9 

140 000 

98 

300 

37 




8/4 

77 

4.3 

22 800 

37 

330 

37 

7. 

M 

44 

8/U 

2.'> 

1.2 

118 000 

68 

153 

38 




20/11 

36 

1.6 

24 700 

151 

211 

37 




3/12 

52 

2.3 

14 .500 

53 

136 

39.0 




12/12 

44 

2.1 

80 000 

65 

156 

37.8 

8. 

F 

42 

8/3 

49 

2.6 

5 000 

308 

3.51 

37.5 




18/3 

35 

1.6 

2 000 

250 

347 

38 




21/3 

23 

1.3 

1 000 

169 

321 

40 

9. 

M 

30 


69 

3.8 

95 000 

71 

248 

37 


1. Aleukemic leukemia. Fever at home .since Exitus on 25 — 

40 ®/o myeloblasts. 

2. Aleukemic leukemia. Acute onset on *®/3. 20 — 60 ®/o myeloblasts. Blood 
in feces. 

3. Acute myeloid leukemia. Acute onset on ’’/s. 98 ®/o myeloblasts. 

4. Chronic myeloid leukemia. Tired since July. Treated with urethane. 

.5. Chronic myeloid leukemia. Exitus 1 week later. 

6. Chronic myeloid leukemia. Successfully treated wilb, urethane, 

'* Chronic myeloid leukemia. Pulmonary tuberculosis. First appearance 
m May. Treated with blood transfusions and urethane. 

8. Acute myeloblastic leukemia. 10 ®/o ncutrophile cells. 40 — CO ®/o 
myeloblasts. Exitus on =»/«• 

0. Chronic myeloid leukemia. Ill over 2 years. Treated with urethane. 
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In Case 6 urethane therapy had a favorable effect. Under this 
treatment the anemia was improving at the same time as the 
values for serum iron were decreasing. On the other hand, the 
saturation limit was not increased by the treatment. 

In Case 8 the disease took a fulminant course with gangrenous 
angina, and here a severe degree of anemia developed rapidly. 
At the first analysis the serum iron level was high, but sub- 
sequently it fell to a normal level. In spite of the high fever there 
was no change in the saturation limit, in comparison to the usual 
findings in acute infections. 

Fcur patients with myelomatosis (Table 49) showed somewhat 
low values for the saturation limit and practically normal values 
for serum iron. 


Table 49. 

Saturation limit in myelomatosis, ulcerative colitis and other diseases. 


Gases 

No. 

Sex 

Age 

R. b. c. 
mill./cmm 

Hb o/o 

Sedimen- 
tation rate 
mm/hour 

Serum iron 
Y ®/o 

Saturation 
limit Y “/» 

1. 

F 

63 

3.6 

68 

105 

87 

238 

2. 

F 

57 

3.1 

68 

50 

76 

232 

3. 

F 

56 

2.0 

43 

135 

91 

230 

4. 

F 

50 

3.7 

73 

140 

100 

255 

5. 

F 

64 

4.2 

74 

7 

30 

230 

6. 

M 

24 

2.7 

42 

19 

13 

274 

7. 

F 

49 

4.2 

73 

49 

38 

326 

8. 

F 

51 

3.7 

45 

34 

22 

270 

9. 

F 

21 

5.1 

97 

8 

98 

306 

10. 

M 

18 

4.6 

71 

14 

50 

300 

11. 

F 

64 

3.7 

71 

25 

85 

208 

12. 

M 

50 

1.8 

34 

25 

70 

265 

13. 

F 

66 

2.5 

56 

120 

85 

190 

14. 

F 

14 

0.2 

135 

1 

217 

433 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 


Myelomatosis. Ill for 3 months. 

Myelomatosis, diagnosed 3 years ago. 

Myelomatosis, diagnosed 2^2 years ago. 

Myelomatosis, established 1 year ago. 
Lymphogranulomatosis maligna. Hepatosplenomegaiy. 
Ulcerative colitis. Blood in feces. 

Ulcerative colitis. 

Chronic colitis. Blood in feces. 

Ulcerative colitis. Anemia in regression after Fc therapy. 
Grafe’s disease. 

Osteomyelosclerosis. 

Aplastic anemia.* 
polycylhaemia rubra vera. 


months. 
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These findings indicate — as is generally assumed — that 
in leukemia and myelomatosis the anemias are not due to iron 
deficiency. 

Table 49 further shows the values obtained for serum iron 
and saturation limit in 5 patients suffering from ulcerative colitis. 
Four of these patients are anemic, with low serum iron. But, in 
contrast to the usual findings in chronic infections, the satura- 
tion limit is normal in all of them. The anemia associated with 
ulcerative colitis is different also in other respects — for instance, 
it improves under treatment with iron, in contrast to the infec- 
tion anemias. 


8 



Chapter VIII. 


General Views of the Intermediary 
Iron Metabolism. 


Iron-binding Component in Serum - Apoferritin. 

The iron-binding component is the protein vehicle for the 
transport of iron, and apoferritin is the storage protein of the 
organism for iron. As hitherto only apoferritin has been isolated 
in pure form, it cannot simply be taken for granted that the two 
substances are not identical. 

Granick (1943) prepared an antibody against the protein apoferritin (it 
reacted equally well with ferritin and apoferritin). With a very sensitive 
precipitin test he then was able to get an idea about the apoferritin-ferritin 
content of various organs. He claimed that no ferritin is found in horse blood. 
This is in conflict, however, with the observations reported by Agner (1943): 
that the red blood cells of horse contain ferritin (on purification of catalase 
from red blood cells Agner obtained a ferritin-containing fraction). In the 
literature, so far, no statement is made about ferritin being present in the 
serum. 

On comparision of the properties of ferritin (isolated in pure from 
according to Granick) and those of the iron-binding component in serum, 
some evidence has been found to indicate that the two substances are not 
identical. 

I. When simple iron salts are added to a solution of apoferritin, no 
ferritin is formed. Very likely, conversion of apoferritin to ferritin requires 
the presence of one or more obscure components (Granick 1945). In con- 
trast hereto, iron-binding component combines with ferrous or ferric iron 
added to the serum. Also when the iron-binding component is purified to 
a considerable extent, it reacts with iron in the same way as prior to the 
purification. 

II. When a neutral ferritin solution is mixed with serum of high latent 
iron-binding capacity it has not been practicable to ascertain any conversion 
of ferritin iron to serum iron. If, on the other hand, a reducing substance 
{e.g., sodium hydrosulphite) is added to the mixture, the serum undergoes a 
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slow change in color, gelling an admixture of red — just as when simple 
iron salts are added. Evidently the iron-binding component takes up iron 
ions from ferritin in the presence of a reducing substance. If hydrosulphite 
and phenanlhroline are added to a solution of ferritin (pH 7 — 8), some 
phenanlhroline iron is found to be formed. Thus ferritin looses its iron in 
neutral or slightly alkaline milieu more readily than does the serum iron- 
protein complex. 

III. When an ordinary serum iron determination is made on a ferritin 
solution the value obtained will amount only to a fraction of the value 
found on iron determination carried out on the same ferritin solution by 
means of incineration. This means that the iron is liberated but very in- 
completely from the ferritin molecules, when these are precipitated with 
6 N HCl. If, on the other hand, a ferritin solution containing phenanlhroline 
and hydrosulphile is acidified cautiously to pH about 5, most of the ferritin 
iron is transformed into phenanlhroline iron. But in serum the iron is liberated 
from its protein complex at least just as well on strong acidification with 
6 N HCl as on cautious acidification in the presence of phenanlhroline and 
hydrosulphite. 

These findings are interpreted as signifying that the iron is 
bound differently in the ferritin and in the. serum iron-protein 
complex. 


Relation between the Iron Absorption, Iron Storage and 
the Quotient Iron-binding Capacity of Serum. 


From the clinical material it is evident that the serum iron 
and saturation limit vary in an apparently regular manner in 
the various pathological and physiological conditions examined. 
Naturally, then, the question suggests itself whether there might 
be any connection between these variations and the storage-iron 
exchange.^ There is a clear connection between ferritin and serum 
iron insofar as the iron is transported both to and from the 
depots in the form of serum iron. 

From experiments reported by Hahn and collaborators we 
know that the iron which is liberated by destruction of red blood 


* In this connection storage iron will have to be dealt with as if it were 
equivalent to ferritin, as the latter normally makes up the greatest storage- 
iron fraction, and besides it is the only fraction of which we have a fairly 
thorough knowledge. 
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cells under normal conditions soon is taken up again in new 
formed red cells. In these cases, then, the iron moves about in 
the circulation: hemoglobin — serum iron — hemoglobin. Nor- 
mally the storage iron is practically not utilized at all, but when 
the regeneration of the red blood cells for some reason or other 
becomes more rapid than the destruction of red cells, iron is 
mobilized from the depots; and if the destruction of erythrocytes 
proceeds more rapidly than their regeneration, a part of the excess 
iron is transformed to ferritin. 

Relation between Manifest and Latent Iron-binding Capacity in 
Conditions with Increased Storage of Iron. 

In the following conditions, we know, that the storage-iron 
fraction of the organism is increasing: 

a) after intravenous injection of iron; 

b) in progressing acute and hemolytic anemias; and 

c) in the fetus, especially during the last months of pregnancy. 

In these conditions the manifest and latent iron-binding capacity 

Varies regularly: 

a) After intravenous injection of iron, the value for serum iron 
is high, and the saturation limit normal, that is, the latent iron- 
binding capacity is low. 

b) In acute or chronic hemolytic anemias, the serum iron is 
relatively high, the saturation limit normal or lowered, that is, 
the latent iron-binding capacity is low. 

c) In the fetus the value for serum iron is normal or slightly 
increased, and the saturation limit is lowered, that is, the latent 
iron-binding capacity is low. 

A characteristic feature of these conditions with storage of 
ferritin in the depots is that the quotient between manifest and 
latent iron-binding capacity of the serum is considerably higher 
than normally. 

Relation between Manifest and Latent Iron-binding Capacity in 
Conditions with Mobilization of the Iron from the Depots. 

In the following conditions, we know, that the storage iron 
fraction of the organism is decreasing: 
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a) after a relatively large loss of blood from acute or chronic 
hemorrhage; 

b) in regressing acute and chronic hemolytic anemias; and 

c) in pregnancy, unless the diet contains large amounts of iron. 

Also in these conditions the manifest arid latent iron-binding 
capacity of the serum is subject to regular variation: 

a) After acute hemorrhages the serum iron value falls to a 
low level, while the saturation limit rises from a relatively low 
value to a relatively high level, that is the iron-binding capacity 
increases. In anemias from chronic hemorrhage the serum iron 
lies at a low level whereas the saturation limit is somewhat in- 
creased, that is: the latent iron-binding capacity is high. 

b) In regressing hemolytic anemias the serum iron level is low, 
the saturation limit relatively low but rising, that is: the latent 
iron-binding capacity increases. 

c) During the last months of pregnancy the serum iron level 
is somewhat low or normal, while the saturation limit is strongly 
increased, that is; the latent iron-binding capacity is greatly in- 
creased. 

It is characteristic of these conditions Avith mobilization of 
storage iron that the quotient between manifest and latent iron- 
binding capacity of the serum is considerably lower than nor- 
mally. 

In the conditions where iron is mobilized from the depots, 
iron is absorbed more readily from the intestinal canal than 
normally. On the other hand, it appears — though it has not 
yet been established conclusively — as if the iron absorption by 
way of the intestinal mucosa is lesser than normally in the above- 
mentioned conditions where the storage-iron fraction is increasing. 

On recapitulation, it may be established that the quotient be- 
tween the manifest and latent iron-binding capacity of the serum 
is lower (0.1 — 0.3) than normally (0.3 — 1.5) as the organism 
has an increased requirement of physiologically active iron. Thus 
iron is mobilized from the depots, and the absorption of iron 
by way of the intestinal mucosa takes place more readily than 
normally. Conversely, in conditions where iron accumulates in the 
depots, the intestinal iron absorption will be lesser than normally. 
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■Xv:; Latent 

,, , Iron-binding capacity of serum 

’Manifest 



Fig. 8. Relation between manifest and latent iron-binding capacity of serum 
in various disturbances of the iron metabolism. 

1. After intravenous injection of iron into normal subjects. 

2. In acute and chronic hemolytic anemias, and in fetus. 

3. In hemolytic anemia in regeneration. 

4. In chronic hemorrhagic anemia. 

5. During the last months of pregnancy. 

As the quotient iron-binding capacity of the serum 

plainly varies parallel with the changes in the intermediary iron 
metabolism, it seems rather reasonable to assume that the iron- 
binding component of serum serves as a balancing regulator for 
the exchange of iron between various organs of the body. 

If the reaction Fe+ Protein Fe-Protein is reversible m 
vivo, the corresponding equilibratory reaction will be 

[Fe-Protein] _ 

[Fe++(+)] [Protein] 

in which [Fe'^'^^'^^j signifies the activity of the iron ions 
the serum. 
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[Protein] = iron-free iron-binding protein component of the 
serum. 

[Fe-Protein] = iron-containing iron-binding component of serum. 

In this way the serum should be able to maintain a balance 
of the activity of the iron ions in the body cells that are perme- 
able to iron ions. If the activity of the iron ions decreases in one 
organ, iron is mobilized immediately from the depots. This is 
in harmony with the observations made by American investi- 
gators: that iron is mobilized from the depots (ferritin) when 
there is an increased demand for iron in the bone marrow, while 
iron at the same time is absorbed more rapidly than normal. 
(Granick [1946] has shown that the iron absorption is associated 
with a pronounced ferritin formation in the intestinal mucosa.) 
Indeed it also seems reasonable that in conditions where ferritin 
iron is mobilized from the depots, this compound is also mobilized 
from the intestinal mucosa at a higher rate than normally. This 


manifest 


hypothesis implies that by lowering the quotient iron- 

binding capacity of s^erum the organism is able to mobilize iron 
from the depots and, at the same time, improve the conditions 
for the absorption of iron from the intestinal tract. Correspond- 
ingly, by increasing this quotient the organism should also be 
able to transfer more iron to the depots than under normal 
conditions. 

Changes in the quotient of iron-binding capacity of 

serum might be brought about through changes in the serum 
iron concentration or through changes in the concentration of 
iron-binding component in the serum. 

The prerequisite of this hypothesis is that the reaction 
-f Protein Fe-Protein is reversible in vivo. 

That this reaction is reversible in vitro has been shown in 


Chapter II, p. 53. That the reaction in vivo may proceed from 
left to right is evident from the iron tolerance tests reported in 
Chapter IV, p. 66. It has been more difficult in vivo to establish 
that the reaction also proceeds from right to left. The experi- 
mental and clinical data that lend support to this view are that 
rapid changes in the serum iron concentration may take place 
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in the organism without affecting the saturation limit. Thus it 
could be demonstrated (Chapter IV, p. 66) that the saturation 
limit remains unchanged when serum iron after administration 
of a large dose of iron falls from a high to a normal level within 
12 — 24 hours. On treatment of pernicious-anemic patients with 
an adequate liver preparation, the serum iron level falls within 
two days from high to low values without any particular varia- 
tions in the saturation limit. Therefore, it seems most likely that 
the above-mentioned reaction is reversible also in vivo. 


This hypothesis is entirely schematic. Undoubtedly, the balance 
of the reaction is far more complicated than suggested above. 
Thus it may be mentioned that the iron-binding molecule is able 
to take up at least 2 iron atoms before it is saturated with iron.^ 


This implies, among other things, that the quotient of 


manifest 

latent 


iron-binding capacity of serum in an equilibria! calculation will 

have to be replaced with the quotient saturated 

iron-free 


component. As yet, however, it has not been practicable to deter- 
mine this quotient. Besides, the iron exchange between the 
serum and the cells of the body is further complicated by the 
circumstance that redox potentials and pH values vary in the 
various cell systems. 

A general conclusion of the present work will then be that 
it is of no use to discuss the intermediary iron metabolism 
without taking the iron-binding component content of the serum 
into account. 


‘ Studies by Laurell not published yet. 



Summary. 


Serum iron (the protein-bound, acid-soluble iron in the serum) 
is generally looked upon as the transport iron of the body. 
After Holmberg and the writer had been able to demonstrate 
that blood serum contains a specific iron-binding component, 
which is normally about half-saturated with iron, the work of 
which the results are here presented was carried out in order to 
investigate the significance of this serum component for transport 
and metabolism of iron. The starting-point for the present studies 
therefore was that serum contains a protein component ^ capable 
of binding iron (supplied in vivo or in vitro) in the same way as 
it is bound in the native serum iron-protein complex. 

In the discussion of the experimental results obtained the 
term saturation limit has been introduced. The saturation limit 
of serum for iron signifies the capacity of serum for firm com- 
plex binding of iron (yJlOO ml.), and includes both the native 
iron content of the serum (serum iron, manifest iron-binding 
capacity of serum) and the increase in the concentration of firmly 
bound iron in the serum (latent iron-binding capacity of the 
serum) resulting from addition of iron to the serum. 

Firstly, an account is given of the methods that have been 
worked out for the determination of the saturation limit. 

Secondly, the results of some experiments in the binding of 
iron added to the serum have been described. In this way it has 
been possible to show; 

1) that serum binds this iron up to the saturation limit in 
such a form that the iron is not adsorbed on aluminium hydroxide, 

^ Since the conclusion of the experiments here described, the iron-binding 
component of the serum has been isolated. Some preliminary data on this 
are given on p. 8. 
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whereas all the iron added to serum above the saturation limit 
is adsorbable on aluminium hydroxide. Whether the serum is 
enriched with a ferrous or a ferric salt, it takes up the same 
amount of iron in a firm complex linkage. 

2) that the iron in the native serum iron-protein complex most 
likely occurs both in ferrous and ferric form. 

3) that in a serum enriched with iron all the iron below the 
saturation limit is bound in a non-dialyzable form, whereas the 
remaining iron is dialyzable under suitable conditions. 

4) that the native serum iron-protein complex begins to undergo 
dissociation in a noticeable degree as soon as the serum pH falls 
below 7.2, and not at pH 4.5 as assumed previously. 

5) that the reaction iron-binding component -f iron ^ serum iron 
is reversible in vitro. 

Finally an account is given of some experiments that were 
carried out in order to ascertain the latent iron-binding capacity 
of the red blood cells. The results obtained suggest that this is 
much lower than that of serum. 

The following chapters deal with the variations in the serum 
iron and saturation limit in normal subjects and patients suf- 
fering from various diseases. 

In 100 normal subjects the mean value for the saturation limit 
was found to be 315 + 3.3 y Vo. 

The saturation limit was not influenced by the ingestion of a 
large amount of iron, even though this gave great changes in the 
values for serum iron. 

Experiments with pregnant women showed that during nor- 
mal pregnancy the values for the saturation limit began to rise 
regularly in the sixth month, and they kept rising till the ninth 
month inclusive, while they showed a tendency to fall immediately 
before parturation. Thus the values for the saturation limit ap- 
peared to rise parallel with the increased iron requirement in the 
latter part of pregnancy. 

Serum analyses were also carried out on 25 mothers and 
children at parturition, and it was found that the serum iron 
level in the newborn (M=146 y Vo) was considerably higher 
than in the normal subjects, whereas, the saturation limit (M = 
226 d: 10 y Vo) was significantly low’er than normally. In the 
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mothers the opposite was found to be the case, the serum iron 
values being lower than normally (80 y while the serum 
saturation limit values (M=446+13 y ®/o) were higher than 
normally. The observations reported by Pommerenke, Hahn et al. 
show clearly that the fetus obtains its iron at least in part 
via the maternal serum iron. The differences in the values for the 
saturation limit and serum iron found in the mothers and children 
indicate that the iron-binding component of the maternal serum 
cannot freely pass through the placenta. 

Large acute losses of blood are followed immediately by a 
slight fall in the saturation limit. Subsequently the value rises 
above the initial values within one week, at the same time as 
the values for serum iron decrease. In anemias from chronic 
hemorrhage the values for the saturation limit are higher than 
normally and the values for serum iron are low. 

In patients with untreated pernicious anemia the values for 
the saturation limit were somewhat lower than normally (M= 
236 ±9 y Vo). On the institution of liver therapy the values for 
serum iron were found to fall rapidly in the first 48 hours, without 
the saturation limit being affected. 

In patients with acute infections there was an abrupt fall in 
serum iron as well as in the saturation limit in the first days of 
illness. The fall in these two values ran parallel in contrast to 
those found in pernicious anemia under liver therapy, where 
there is no change in the saturation limit when the serum iron 
decreases. Later on, when the infection subsided, the values for 
the saturation limit slowly returned to a normal level. In chronic 
infections (tuberculosis, chronic rheumatic polyarthritis) the 
saturation limit was somewhat lowered but not to such an extent 
as in acute infections. 

Something similar was apparent in patients suffering from 
malignant tumors, leukemia and various other diseases. 

In acute hepatitis the values for the saturation limit were 
normal during the first days of illness, but subsequently showed 
a tendency to rise. This rise in the saturation limit seemed to 
make its appearance somewhat later than the rise in serum iron. 
In patients suffering from cirrhosis of the liver and from uremia 
the saturation limit was found to be much lower than normally. 
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In the last chapter the results here reported are discussed Avilh 
relation to previous experimental observations on the intermediary 
iron metabolism. 

From the experiments published by Hahn and collaborators 
Ave knoAv that the iron Avhich is liberated at the destruction of 
red blood cells is rapidly taken up again in ncAV formed red blood 
cells. Thus most of this iron runs through the cycle: hemoglobin 
— (depot iron) — serum iron — (depot iron) — hemoglobin. 
Normally the depot iron is practically not utilized, but if, for some 
reason the regeneration of red blood cells proceeds more rapidly 
than the destruction of red blood cells, iron is mobilized from the 
depots. Conversely, if the red cells are destroyed more rapidly 
than they are regenerated, a part of the surplus iron is deposited 
as ferritin. 

From the clinical material it is evident that serum iron and 
the saturation limit vary regularly in the various physiological 
and pathological conditions examined. 

As established already, the depot iron fraction increases under 
the following conditions: after intravenous injection of iron, in 
acute or in chronic hemolytic progressive anemia, and in the fetus 
during the last months of pregnancy. One feature characteristic 
of these conditions, Avith deposition of iron in the depots is that 

. manifest . , . i 

the quotient iron-binding capacity of serum is larger 

(>1.5) than normally. On the other hand, this quotient is smaller 
(<0.3) than normally in cases where the depot iron is decreasing 
(after considerable bleeding, chronic or acute, in acute or chronic 
anemias in regression, and during the last months of pregnancy). 
In the last mentioned conditions, iron is also absorbed more 
rapidly than is generally the case. 

As the quotient — iron-binding capacity of serum appears 

latent o ^ 

to vary regularly Avith changes in the intermediary iron me- 
tabolism, it seems probable that the iron-binding component 
in the serum serA'es as a regulator for the iron exchange betAveen 
the A’arious organs of the body, and this has to be taken into 
consideration when the mechanism of iron absorption is discussed. 
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On the basis of the results obtained, a hypothesis is advanced 
concerning iron metabolism, of which the following are the main 
points: 

1) that the organism is capable by lowering the quotient of 


manifest 

latent 


iron-binding capacity of the serum (either by lowering 


the serum iron concentration or by increasing the iron-free iron- 
binding component present in the serum) to mobilize iron from 
the depots and, at the same time, to improve the conditions for 
absorption of iron. 

2) that by increasing this quotient the organism is able to 
transfer more iron than under normal conditions to the iron 


depots, and at the same time to check the absorption of iron. 
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Reciprocal Effects due to Stimulation of the Spinal Cord 
by Currents of Opposite Direction 

By C. R. SKOGLUND 


Introduction 

Barron and Matthews (1936, 1938) found that vertebrate 
motoneurons respond rhythmically to direct current stimulation. 
Their experiments on frogs and cats demonstrated that polarisa- 
tion of the central part of the spinal motoneurons elicited regular 
discharges in the motor root when the cathode was placed on 
the cord and the anode on the root, whereas a current in the 
reverse direction only occasionally evoked responses. 

In the course of an analysis of spinal functions in cat by polari- 
sation of the cord and by recording the activity in different 
muscles, Skogltjnd (1946) observed that currents of a given di- 
rection caused activity in flexor muscles, while a reversal of the 
current resulted in extension. 

This observation was found to be in agreement with results 
from experiments in which lower animals were exposed to current 
fields of opposite directions. In order to analyse the phenomenon of 
galvanotropism, described by Hermann (1885), Loeb and Max- 
well (1896) sent galvanic currents through the water in a trough 
containing shrimps (Palaemonetes) and found that the motion of 
these animals to the anode is caused by characteristic changes in 
tension of associated muscles. When the animal is placed Avith its 
head towards the cathode, the tail is bent ventrally, which means 
that the tension of the flexors is stronger than that of the extensors 
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and at the same time the fifth pair of legs is also bent, while the 
third pair of legs is extended. When the current is reversed, the 
tail and the fifth pair of legs are stretched, while the third pair is 
bent. Other crustaceans, like the common crayfish, as well as larvae 
of salamander showed the same reaction (LoEB and Garrey 
1896). 

In modern studies of central nervous functions, very little 
attention has been paid to these phenomena of selective activation 
of reciprocal systems by currents of opposite direction, described 
also in Loeb’s monograph (1918). The only contribution, as far as 
I am aware, is made by Pringle (personal communication) who 
made the interesting observation (1946) that application of 
currents of opposite direction to the ventral motor ganglia of 
insects produced extensor and flexor activity of low rhythms. 

The, present paper gives a more detailed description than my 
previous report of experiments in which antagonistic effects are 
evoked by stimulating the lumbar cord of the cat with currents 
of different directions. 


Methods 

The stimulator, previously described in detail (Skoglund 
1942), is fitted with an out-put valve with high internal resistance, 
in order to minimize the effect of variations in the resistance of 
the tissues. The stimulating electrodes placed on the surface of 
the cord were chlorided silver wires covered with cotton soaked 
in Ringer solution; the electrodes inserted in the cord were steel- 
needles insulated except at the point. The different eleetrode posi- 
tions are described in the text. 

Twenty cats were used for the experiments. The cats were 
decerebrated, the lumbar part of the cord was exposed and the 
dorsal roots cut. The effects were determined by observation of 
the movements of the intact leg or of contractions in individual 
muscles exposed by removal of the skin. Concentric needle elec- 
trodes were used for recording the activity in different muscles. A 
condensor-couplcd amplifier was connected with each of the two 
beams of the cathode raj' tube. 
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Results 

Typical effects with different electrode arrangements. 

The typical results obtained with different positions of the 
eleetrodes will first be described (see Fig. 1). 

When both stimulating electrodes were placed on the lateral 
side of the cord in longitudinal direction (A — B), stimulation with 
a current of moderate strength caused flexion when the most 
cranial electrode A was negative, while a reversal of the current 
gave flexion of the ipsilateral hind leg. The selective effects were 
most pronounced when the distance between the electrodes was 
about 2 centimeters. 



Fig. 1. Diagrams of different electrode arrangements. .4 — D: electrodes on the 
lateral surface of the cord in longitudinal direction. C — D: one electrode on each 
side of the cord. E — F; one electrode on the cord near the entrance of the motor 
root, the other on the root. 


When the electrodes were placed on the dorsal muscles, one on 
each side of the cord so that it was exposed to a transverse flow, 
extension predominated on the side of the positive electrode and 
flexion on the side of the negative. 

In another series of experiments one electrode was placed on 
the cord and the other on one of the motor roots (E — ^F). It was 
found that when the electrode on the cord was negative, the 
muscle contractions were most pronounced in the flexor muscles 
innervated by the root in question and that when the cord elec- 
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trode was positive the activity in the extensor muscles predom- 
inated. 

Some experiments were also performed with one electrode on 
the cord and the other anywhere on the dorsal muscles. In this 
case too, flexor responses had the lowest threshold of stimulation 
when the cord electrode was negative, while extensor responses 
were favoured by the opposite current direction. 

Although flexor and extensor movements were those most 
easily differentiated, adduction and abduction could also be stud- 
ied. Adductor movements were usually elicited by the same 
current direction which caused flexor responses, while abductor 
movements were caused by the opposite. 

When the stimuli were sufficiently strong, contralateral effects 
appeared which were of the same type or antagonistic to those 
on the ipsilateral side, apparently depending on differences in 
current spread. 

As a rule, break of the current evoked responses in the muscles 
opposite to those activated during the current flow. This phenom- 
enon was first observed accidentally during earlier experiments 
with artificial stimulation of the cord. Since it was obvious 
that the different reactions were principally due to the opposite 
current flow at make and break, the make responses to stimuli 
of opposite direction were subjected to a systematic analysis. 

The reciprocal effects were more or less pronounced in different 
experiments. It was sometimes observed that the characteristic 
differences disappeared towards the end of long experiments, when 
the state of the cord had become deteriorated e. g. due to poor 
circulation. 

Usually the stimulating current was gradually increased to 
threshold and suprathreshold values and when the stimulating 
current became sufficiently great both groups of muscles could be 
activated by a current of one direction. Loeb and Maxwell 
(189G) pointed out that selective effects in antagonistic muscles 
of Palaemonetes were only evoked by medium strong currents, 
while strongcr,currents independent of the direction caused general 
rigidity of the extremities. The galvanonarcotic effects of strong 
direct currents on the central nervous system have been exten- 
sively studied by Scheminzky (1936 a, b). 
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In some experiments the effect of a stimulus opposite to that 
causing extension was merely a relaxation of the extensor muscles, 
and not active flexion. A longitudinal current flow of descending 
direction (in Fig. 1, A positive and B negative), which generally 
evokes extension, may sometimes cause flexion. However, by re- 
versal of the current the antagonistic muscle group was always 
activated. This reciprocal excitation by currents of opposite di- 
rection is the most important fact emerging from the analysis. 


Reciprocal excitation and inhibition studied in single 

motor units. 

Although reciprocal effects can be determined by observing 
muscle contractions, recording of the action potentials gives more 
accurate information of the activity in the respective muscles. 

In the experiment illustrated in Fig. 2, one of the concentric 
needle electrodes was placed in tibialis anticus and the other in 
solens. The extensor effect was recorded on the upper beam, the 
flexor activity on the lower. A, B and C are continuous recordings 
during steadily increasing stimulation with the cathode on the cord 
and the anode on the motor root. Typical repetitive discharges 
of increasing frequency appear in the flexor muscle, while no 
activity at all is seen in the extensor muscle, until break at the 
arrow in C. 

In D, E and F the current is reversed and, consequently, the 
typical discharges now appear in the extensor muscle. The stim- 
ulus applied was stronger than in A, B and C, resulting in 
extensor discharges of a very high frequency representing a strong 
muscle contraction; however, there is still no activity in the 
flexor muscles. 

Phenomena of reciprocal inhibition were frequently observed 
in these experiments. A current direction causing excitation of 
e.g. an extensor muscle will exert an inhibitory effect on the 
antagonistic flexor muscle. This is illustrated in Fig 3 where 
the upper tracing gives the flexor and the lower the extensor 
response. The records are from an experiment in which a spont- 
aneous activity in the flexor muscles occurred, represented by 




Fig. 2. Selective activation of antagonistic muscles by currents of opposite 
direction. Simultaneous recording of the activity in soleus on the upper beam 
(EXT.) and tibialis anticus oni the lower beam (FLEX.). A — C; stimulation with 
the cathode on the cord and the anode on the root (Lr): D — F: after reversal 
of the current. 


the discharges seen to the left in the record. The duration of 
the stimulus is indicated by the black line uppermost in the 
record. The current direction was such as to stimulate the extensor 
muscles and simultaneously the spontaneous activity of the 
flexor muscle was inhibited, only to reappear when the stimulus 
was removed. It is impossible to determine whether the inhibition 
of the flexor activity is a direct effect of the applied stimulus 
or a secondary effect due to the activation of the extensor system. 
However, in some experiments, where the stimulus strength was 
increased very slowly, it could be observed that inhibition of the 
flexor activity was blocked before any excitatory effects were 
recorded from the antagonist. 

In the decerebrate preparations spontaneous discharges in the 
extensor muscles were frequently recorded and these could be 
accelerated by a current in one direction and inhibited by the 
opposite. These phenomena arc similar to the facilitation and in- 
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S Reciprocal ml.ihitioo. SoPolloncoM leeordine oi nexot acli.ily in iMs 
».l»r activity in SSniuiail.n w.U. ti.e anode on 

the cord and the cathode on the root (L?). See text. 


hibition of spinal reflexes in frogs under polarisation in opposite 
directions described by SCHBMINZKY {1936 b). 

The rising gradient of the stimulating current plays a role m 
the production of selective effects. In most of the experiments 
the increase of current strength was obtained manually by turning 
the knob of a potentiometer with the result that the rising time 
of the current was at least some seconds. The reciprocal 
effects were most pronounced with this method of stimulation 
but currents of shorter time constant may also be effective and 
differences in thresholds can be demonstrated. In one experiment 
with instantaneously rising currents the strengths necessary to 
evoke effects in tibialis anticus and gastrocnemius (using muscle 
potentials as index) were 12.5 and 19 juA respectively when the 
cathode was on the cord and the anode on the root, and 20 and 
15 jcc A after reversal of the current. 


The opposite influence on the excitability of the flexor and 
extensor systems caused by a current field of a given direction 
is demonstrated in the experiment shown in Fig. 4<. Square waves 
were applied through one electrode on the cord (positive) and 
through another on the motor root (negative). The responses were 
recorded from the nerves to tibialis anticus and gastrocnemius. 
The current strength was increased until a synchronized volley 
appeared not only in the extensor nerve but also in the flexor 
nerve (a). A constant current field of the same direction as the 
test stimulus was then applied through the same electrodes The 

. hibitioR of the flexor and an increase to maximum amplitude of 

he extensor responses. Similar phenomena will be analysed in 
later article (Skoglund 19«) ^ 


a 
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Fig. 4. Opposite influence on flexor (upper tracing) and extensor responses (lower 
tracing) by constant polarisation in a given direction.. Full description in text. 


Monopolar stimulation with inserted needle electrode. 

In some experiments the current was applied via a monopolar 
needle electrode in the cord and an indifferent electrode placed 
elsewhere. When relatively strong currents were applied, reci- 
procal effects could be elicited from almost any point of the 
segment and were even more pronounced than when surface 
electrodes were used. 

With currents of threshold strength many different points had 
to be tried before any selective effects were obtained. It is not 
the purpose of the present investigation to determine those areas 
from which reciprocal effects can be produced by reversal of the 
stimulus, but only to show that they can be localized. Stimul- 
ation with direct currents as well as instantaneously rising 
currents at the region indicated by a filled circle in Fig. 5 evoked 
selective responses in tibialis anticus when the needle electrode 
was negative while a reversal of the current caused effect only in 
gastrocnemius. 


Comparison between central and peripheral stimulation 

of motoneurons. 

The pronounced repetitive responses of central nervous struc- 
tures to direct current stimulation, described by Barron and 
jNLvtthews (1938), have been verified in these experiments. The 
duration of the centrally evoked responses to currents of different 
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Fig. 5. Diagram o! lire spinal cord at Ihe level ot Lr (see text). 

strengths were measured and the result compared with tlmse 
from stimulation of the peripheral part of the mononeurons. The 
responses of motor nerves in situ to direct currents of 2 and 3 
times the rheobasic strength last maximally one or two seconds 
(Skoglxind, 1942). The discharges evoked from central structures 
continue during several minutes after the onset of stimulation, 
as illustrated in Fig. 6. Record a shows the discharge of a single 
motor unit in quadriceps when a direct current of twice the 
rheobase is applied to the cord. The initial frequency of 20 per 
sec. (in a) has decreased after 3 seconds stimulation to 5 per sec. 
(in 6), but it is still about the same after one minute (in c). The 
dicharge ceases when the current is broken (d). 

Records e — f show the long-lasting responses to a current of 
three times the rheobase (see Figure text). In many experiments 
the motor units discharge as long as the current is applied. 

Low threshold values were also characteristic for central nervous 
tissue, k few microamperes often suffice to maintain long-lasting 
discharges. However, when the motor root was divided and the 
peripheral end stimulated, the threshold was found to be 10 — ^100 
times greater. 


Discussion 

A different orientation of the excitable elements is the mo 
obvious explanation of the phenomena described. Loeb ar 
Maxwell (1896) presented diagrams for the arrangement 
neurons m the central nervous system of Paleamonetea necessa: 
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Fig. 6. Long-lasting repetitive discharges (in quadriceps) to direct current stim- 
ulation of the cord (anode on the cord; cathode indifferent, a — d fully described 
in text, e initial response to a direct current of 3 times the rheobase (frequency 
about 50 per sec.); / after 8 seconds stimulation (20 per sec!); g after 12 sec. 
(10 per sec.); k after 2 minutes. Time in 20 msec. 


to bring about the typical galvanotropic reactions both to sidewise 
and lengthwise j>olarisation. They assumed, partly on the basis 
of histological work on crustaceans, that the cell-bodjes of the 
flexor neurons are situated on the same side as their muscles, 
while the extensor neurons originate from the contralateral side 
of the central nervous system. 

The data on the localisation of flexor and extensor cell groups 
in the spinal cord of mammals are very incomplete. There are 
some indications that the ventral horn cells of the neurons to 
flexor and extensor muscles acting at the same joint are situated 
at different levels, but no definite conclusions can be drawn, 
especially since there are great variations in different members 
of the same species {see e.ff. Elliott 194*2). 

Marinesco (1904), from degeneration experiments on dogs 
and cats, found that flexor and extensor neurons originate from 
different areas in the lumbar segment. Romanes (1941) studied 
the embrj’ological development of the cell columns in rabbits and 
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n.otonearon= was used by AsTBOM <1B«). who recorded t e 
responses in different peripheral nerves to imcrostlimdntion f f 
the cord. His preliminary results seem to indicate that, m Um 
lumbar segment of the cat. the extensor neurons originate from 


an area dorsal to the flexor neurons. 

A complete knowledge of the loci for llie different cell groups 
in the spinal cord is required in order to determine the part 
played by the orientation of the elements active in reciprocal 


excitation. 

The results can be explained in quite a different way by a.s.s»m- 
ing different properties of the central elements belonging to tlic 
antagonistic systems. It is a well known fact that peripheral motor 
nerves have a lower threshold for descending than <a.sccn(ling 
currents but that under certain conditions a reversal of the 
threshold relation may occur (sec c. g. Skogujkd 1915), Assum- 
ing that the excitable elements in the cord have. .-?»i generis, 
different inherent properties, so that c, g. the extensor neurons 
are most easily stimulated by ascending and tlic flexor neurons 
by descending currents, the explanation of reciprocal cxcilnlion 
and inhibition produced by artificial stimulation would be simple. 
Both processes can be imitated in model experiments on peripheral 
nerves containing fibres with different threshold relations for 
stimuli of opposite direction (v. Euler and Skoglunb 1947 ). 

It cannot be determined at the present sUige whether either 
or both of the two factors discussed are involved in the mechan- 
ism of the reciprocal phenomena produced by artificial .stimul- 


Summary 

itrris r;x: 

«ordi„, the .ctiou peteutieU ‘nre-I 
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The cord was exposed to current flow of different directions 
by placing the stimulating electrodes in various positions on the 
exposed lumbar region. With the electrode in a fixed position, 
stimulation with gradually increasing currents in one direction 
causes mainly responses in flexors, while activity in extensors 
predominates when the current is reversed. 

Reciprocal inhibition by stimuli of opposite direction is also 
demonstrated. 

The mechanisms of these phenomena are discussed. 


This work has been supported by grants from the Rockefeller Foundation to the 
Nobel Institute for Neurophysiology and from the Foundation »Thcrese and Johan 
.■\nderssons Minne*. 
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Reciprocal Effects Evoked by Stimulation 
of the Descending Motor Tracts with Currents 
of Opposite Direction 

By C. n. SKOGF^UND 


Introduction 

It was first observed by Loeb and MAX^^^3LL (1890) in experi- 
ments on shrimps that antagonistic systems arc activated w’hen 
the central nervous system is exposed to currents of opposite 
direction and recently the phenomenon has been demonstrated on 
cats by applying the stimuli to the cord (Skogltojd 194-G, lOl-T). 
Similar effects produced by stimulation of the ventral motor ganglia 
in insects have been reported by Pringle (194*6). The phenomenon 
can be explained by assuming either that the excitable elements 
are differently orientated in relation to the current floAV or that 
they have different inherent excitability properties. A further 
analysis of the mechanisms involved in the reciprocal phenomena 
evoked by stimulation of the spinal cord of the cat is at present 
difficult owing to incomplete histological data on the cord. 

The problem can, however, be differently attacked by in- 
vestigating whether other parts of the motor system exhibit 
similar characteristics or not. In the experiments described in this 
paper, the stimulation has been applied to the motor tracts in 
the medulla and it was in fact easily demonstrated that reciprocal 
effects could be elicited by changing the direction of the stimulus 
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(cf. Skoglund 194^). A preliminary analysis has been made of 
the mechanism of this selective activation caused by medullary 
stimulation. . 


Methods 

Decerebrated or Dial-anaestethised cats were used in the experi- 
ments. The ventral side of the medulla oblongata was exposed be- 
tween the base of the skull and the first vertebra. In most of 
the experiments laminectomy of the lumbar part of the cord was 
performed and the dorsal roots — Sj cut. Direct currents of 
various duration were applied to the medulla either through 
surface electrodes (chlorided silver wires of 0.r) mm. diameter 
covered with cotton) or through a needle eleetrode inserted in 
the medulla and an indifferent electrode placed in the soft tissues 
of the neck. (For description of the stimulator see Skoglund 
1942.) The needle, insulated except for the tip, was mounted in 
a micrometer gauge. In order to determine the path followed by 
the needle electrode the formol-fixed spinal cord was frozen and 
serial sections studied. 

The motor effects were determined by observation of the leg 
movements and/or by recording the effeets in different museles 
or nerves of the hind leg. Condenser coupled amplifiers were 
used. 


Results 

Stimulation with electrodes placed on the ventral 
surface of the medulla. 

The first explorative experiments were performed with the 
stimulating electrodes placed on the ventral surface of the medulla 
oblongata. The direct current was successively increased until 
motor effects in the hind leg were produced. Since the forelegs 
were necessarily fixed or denervated in order to prevent move- 
ments in the upper part of the body, their reaction could not be 
systematically studied. 

Analogous to the previous experiments on the spinal cord, the 
pyramids were first exposed to a longitudinal current flow by 
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Fig. 1. The exposed ventral part of the medulla oblongata 
(schematic) with the vertebral arteries, the basilar artery 
and the pyramids (PY). Fdled circles (1, 2, 3, 4 and 5): 
positions of stimulating electrodes on the right (R) and 
left (L) side. (See text.) 

stimulation through two electrodes (2 and 3 in Fig. 1) placed on 
one of the pyramids some mm. from the midline. It was found that 
stimulation in one current direction (2 positive and 3 negative) 
produced flexion in the hind leg, while stimulation in the opposite 
direction caused extension. 

If both electrodes were placed in the medulla at the same 
level, the positive on one side and the negative on the other side 
of the midline (e. g. Rg — ^Lo), extension on one side was simultane- 
ously observed with flexion on the other. 

With one electrode indifferent anywhere in the tissue and the 
other in either of the positions 1 — 5, flexor movements predom- 
inated when the active electrode was negative and extensor move- 
ments when it was positive. 

In all cases muscle contractions were evoked on both sides. 
The relation between ipsi- and contralateral effects was not 
systematically studied. It was, however, observed that the con- 
tralateral effects were most pronounced when the active electrode 
was situated cranially in 1 or 2, while with the positions 3, 4> 
and 5 the ipsilateral effects dominated. The position of the in- 
different electrode had no influence whatsoever. 

Typical reciprocal effects were obtained in most experiments. 
In some of tlie decerebrate preparations, especially those in Avhich 
deaflferentation had been performed, the threshold of one of the 
systems was sometimes raised so that no effects could be evoked 
with currents of normal strengths. When very strong stimuli were 
used both systems could be activated by one current direction. 
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Fig. 2. Reciprocal excilalion of muscles in the hind leg by slimulalioa of the 
medulla. Simultaneous recording of the activity in biceps jemoris on the upper 
beam (Flex.) and quadriceps on the lower beam (Ext.) during stimulation (a — c) 
with inserted needle electrode positive and (d — e) after reversal of the current 
direction. Section of the medulla showing the position of Uic stimulating electrode 
(filled circle) in the right pyramidal tract (Py.). 0.’ i. inferior olive. 


Stimulation with inserted needle electrodes. 

When surface electrodes were used the results from, the different 
experiments were sometimes, variable and it soon became obvious 
that this was partly due to current spread. Therefore the current 
flow was concentrated to smaller areas by insertion in the medulla 
of a needle electrode. Uniform antagonistic effects were easily 
obtained by this method. In the typical experiment shown in 
Fig. 2 the needle electrode was inserted in the pyramid on the 
right side and the effects recorded on the left side in tibialis 
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Fig. 3. Reciprocal inhibition of muscles in the hind leg by stimulation of the 
medulla. Simultaneous recording of activity in tibialix anticus (Flex.) and gastroc- 
nemius (Ext.). At the arrow onset of negative stimulation. (Sec text.) 


anticus and gastrocnemius. When the needle electrode was posi- 
tive, direct current stimulation caused repetitive discharges in 
the extensor muscle, while no activity appeared in the flexor 
muscle (a, b, and c). Stimulation in the reversed direction caused 
the results shown in d — j. When low- and medium current 
strengths were used, the flexor muscle was selectively activated; 
not before the current reached a very high value - did small dis- 
charges appear also in the extensor muscle (/), 

Not only reciprocal excitation but also reciprocal inhibition 
could be produced bj" artificial stimulation of the medulla. It was 
found that the same current direction which caused excitation 
of a flexor muscle also caused inhibition of an extensor muscle 
and vice versa. This is illustrated in Fig. 3. The animal used in 
the experiment had a pronounced decerebrate rigidity and there- 
fore spontaneous extensor discharges occurred (seen to the left 
in the record). When the negativity of the needle inserted in the 
pyramid was steadily increased, the first effect was inhibition 
of the extensor discharges later followed by activity in the flexor 
•muscle. It is probable that this inhibitory effect is due to block- 
ing of impulses from higher centres passing through the medulla 
but the possibility of a secondary effect at lower spinal levels 
due to activation of descending tracts with inhibitory functions 
should not be excluded (cf. Magoun and Rhines lO^G). 

In the decerebrate animals clonus movements often appeared 
and these were influenced by direct current stimulatioii of the 
medulla in such a way .that the clonus was increased by stimu- 
lation in one direction (inserted electrode positive), while it was 
inhibited by a current of the opposite direction. 
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Fig. 4'. Selective responses in tibialis anticus (Flex.) and gastrocnemius (Ext.) to 
square wave stimulation of the medulla. Stimulus duration 22 msec, a and b: 
negative stimulation with different strengths, c and d: after reversal of the current. 
Section of the medulla through the proximal end of the inferior olive (O. i.) 
showing the position of the stimlaling electrode (filled circle) in the pyramid. 

In the previous experiments the stimulus was slowlj'^ increased 
to threshold strength. Typical results were also obtained with 
instantaneously rising currents. In the experiment illustrated in 
Fig. 4*, square waves of 20 msec, duration were applied. Record a 
shows the selective response in tibialis anticus to a negative 
threshold stimulus. Even with the maximum stimulus (in b) no 
activity at all is seen in the extensor muscle. Records c and d show 
the selective activation of gastrocncmitis after reversal of the 
current direction. As a rule the thresholds were about the same 
for both effects, as appears from Table I. 

In some experiments the latency of the peripheral response to 
square wave stimulation of the pyramidal tract was determined 
by recording from one of the lumbar roots. In the experiment 
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shown in Fig. 5 the latency with threshold stimulation was about 
12 msec, (a) and with maximum stimulation about 9 msec. (6). 
The lowest values observed were about 7 msec. (cf. Lloyd 
194'1 b). It was interesting to compare the latencies of the motor 
root responses when the two systems were activated by medullary 
stimulation. An intact motor root (L^) was placed on the record- 
ing electrodes so that the impulse discharge in the root could be 
recorded at the same time as the muscle responses were recorded. 
In Fig. 5 c the latency of the response in the root is 9 msec, (and 
that of the action pratential in tibialis anticiis about msec.). 
In d the stimulating current was reversed and a selective response 
was now evoked in the extensor muscle ( gastrocnermiis). The latency 
of the ventral root discharge is the same as when the flexor muscle 
was activated i. e. 9 msec. (The muscle action potential had a 
latency of 17 msec. This difference between the latencies in the 
two cases is due to different conduction times in the respective 
nerves and muscles.) The results from these observations thus 
show that the latencies of the motor root responses are the same 
when flexor and extensor effects are evoked. This indicates that 
the excitation and conduction processes are very similar in both 
systems. 


Determination of the loci of excitation. 

Although the density of the current flow is greatest near the 
tip of the needle, excitation may occur at any point Avithin the 
current field provided that the threshold of the excitable elements 
in this area is sufficiently low. The locus of excitation can be 
roughly determined by observing the reactions when incisions are 
made cranially and caudally to the stimulating electrode. Wher- 
ever the needle is situated a complete transection cranially has 
no observable effect. This shows that ascending impulses reaching 
higher centres cannot be responsible for the production of the 
reciprocal phenomena. With the needle in the pyramid (as in the 
diagram in Fig. 3), a caudal transection of the pyramid causes, 
in most cases, a reduction of the response. With the needle in a 
deeper or more lateral position (cf. below) the effects are inhibited 
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FiR. 6n. Scclion of the inedullft near the Irnnsilion into the spiunl cord. G: Nucleus 
Goll. B: Nucleus Burdneh. R: rubrospinnl (met. Filled circle: low threshold area 
for the elicitation of reciprocal clTects. 

Fif?. 6 b. Section of the medulla through the middle of the pyramidal decussation 
(D. Py.) Filled circle: ns in C a. 


only when a tran.section of the lateral part of the medulla is made, 
thus indicating that extrapyramidal tracts arc activated by the 
stimulating current. 

In order to localise the excitable structures more prcciscl>\ the 
needle was inserted in different directions through the medulla; 
the areas of lowest threshold were determined and the depth of 
the needle read on the scale of the micrometer gauge. When the 
needle was inserted in one of the pyramids the lowest threshold 
for the typical effects was found l.o — !.:> mm. from the surface. 
This would suggest that the excitation takes place in the pyramids 
when threshold stimuli arc used. Pressing the needle deeper into 
the medulla, the effects diminished and 3 — 4 mm. from the sur- 
face they disappeared. However, stronger currents could restore 
the effects at these different depths. 

Threshold determinations have also been made by inserting 
the needle in different lateral xmsitions. The diagrams in Fig. 6 
illustrate some typical results from these investigations. In many 
experiments low threshold areas were found at depths correspond- 
ing to extrapyramidal 'tracts (Fig. 6 a). With the needle in caudal 
position (Fig. 6 b) the crossed pyramidal tract may also have 
been involved. It should be noted that the low threshold areas 
were usually the same for both flexor and extensor effects. 

The results primarily indicate that the descending tracts are 
directly stimulated but a current spread to the different cell 
groups in the medulla cannot be eliminated at the present stage 
in the investigations. 
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Influence of constant polarisation on the 
excitation processes. 

When the antagonistic systems are activated by short direct 
current pulses, the thresholds of stimulation remain unchanged 
during long periods. Therefore it is possible to study the influenee 
of constant polarisation on the excitability in the flexor and 
extensor systems, analogous to the classical experiments on 
peripheral nerves. 

In the experiment described in Fig. 7, a stimulus of 22 msec, 
duration was applied to one of the pyramids and the responses 
recorded from tibialis anticus and gastrocnemius. Record a illus- 
trates the response in the flexor muscle to a medium strong nega- 
tive stimulus, h shows the facilitation of the response under 
catelectrotonic influence and C the depression under anelcctro- 
tonus. When the strength of the aneleqtrotonus is increased a 
small response can be observed In the extensor muscle (d) and 
with further increase a still greater response is obtained (e). Thus 
it is seen that parallell to the depression of the flexor response 
the anelectrotonus causes an increase of the excitability of the 
extensor system. The latencies in the records d and e show that 
the extensor discharges are break responses. Since at break the 
falling phase of the negative current pulse represents a potential 
change towards positivity, the extensor system is activated by 
a current direction normally most effective for this system, 

A corresponding series of records with positive test shocks is 
shown in / — k. Record f shows the extensor response to a medium 
strong current and g the facilitation of this response by anodal 
polarisation. In li the strength of the catelectrotonus is such that 
the response is nearly abolished. With successive increase of the 
catelectrotonus, the depression of the extensor response becomes 
complete, at the same time as the excitability of the antagonistic 
system is increased so that first small and then large flexor dis- 
charges are obtained (records i and It). The results are easily 
repeatable and identical effects can be elicited also when the 
polarisation is applied through separate electrodes placed on the 
surface of the medulla. 
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Fig. 7. Influence of constant polarisation on' responses in tibialis anticiis (Flex.) 
and gastrocnemius (Ext.) evoked by square wave stimulation of the medulla. 
Stimulus form marked at top of the series, 
a — e negative test stimuli, / — k positive test stimuli. 

a effect of test stimulus alone, b with negative polarisation through the inserted 
stimulating electrode. 

c — c with positive polarisation of successively increasing strength., 
f. positive test stimulus alone, g with positive polarisation. 

h — k with negative polarisation of successively increasing strength. Further descrip- 
tion in text. 
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This experiment is presented principally in order to show that 
central neurons are affected by electrotonus in the same way as 
the jjeripheral nerves. In a nerve under influence of catelec- 
trotonus, the responses to negative test shocks are facilitated and 
those to positive shocks inhibited, while the effects under influence 
of anelectrotonus are diametrically opposite (see e.g. Skoglitnd 
1945). 

The experiment is also instructive because it shows that the 
state of polarisation of the central neurons plays a significant 
part in the excitation processes evoked by different stimuli. 


Characteristics of the motor unit discharges evoked by 
direct current stimulation of the medulla. 

In one experiment a pair of recording electrodes was placed 
in the pyramid caudally to the stimulating electrode so that the 
response of the neurons in the pyramidal tract could be directly 
observed. It was found that the central neurons responded to 
direct current stimulation with repetitive discharges having a 
rhythm very similar to the natural discharges described by 
Adrian and Moruzzi (1939). That direct currents correspond 
to physiological stimuli is also demonstrated by the fact that the 
activation of the motor units is the same as in voluntary con- 
tractions. Fig. 8 a shows the responses in a flexor muscle to a 
medullary stimulus which was increased very slowly in strength. 
The large motor unit begins with a frequency of about 5 per sec. 
and attains a frequency of 25 — 30 per sec. The small unit has a 
higher initial frequency but attains the same final frequency. 
Records b and c are continuous and show the typical discharges 
in quadriceps to a steadily increasing stimulus strength. The 
initial frequency of the lowest threshold unit is about 10 per sec.; 
with increased stimulus strength new units are activated simultane- 
ously with frequency increase. The maximum frequency of the 
large spikes recorded in the beginning of record c is about 50 per 
sec. The different units drop out successively with decrease in 
stimulus strength and the first unit activated is the last to dis- 
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Fig. 8. Motor unit discharges to direct current stimulation of the medulla. Full 
description in text. 

appear. Record d, from a flexor muscle, shows clearly that the 
artificially evoked contraction begins with a unit of small ampli- 
tude followed by units of progressively greater amplitudes. These 
results are in full agreement with the well-established findings 
in voluntary contractions (see Kugelberg and Skogltind 194i6). 

These experiments gave the general impression that the dis- 
charges ini the extensor muscles were of longer duration than in 
the flexor muscles when currents of the same relative strength 
were applied to the medulla. Therefore quantitative determinations 
of the duration of the flexor and extensor discharges were made. 
In one experiment the discharge of the lowest threshold element 
lasted about 1 sec. in the flexor and 5 sec. in the ejftensor muscle, 
when currents of 1.5 times the rheobasic strength were applied. 
In another experiment the duration of the responses to a current 
of twice the rheobase was 0.8 sec. in the flexor and 1.9 sec. in the 
extensor; the corresponding values for a current of 3 times the 
rheobase were 1.2 and 8.o sec. respectively. A third experiment also 
showed significant differences between the adaptation times of 
the two systems. Of course no conclusions can be drawn whether 
this result is due to differences in excitability of the descending 
fibres or to different transmission processes in the spinal cord. 



Discussion 


The medulla oblongata was selected for the investigations in- 
tended to determine whether other parts of the motor system 
showed the same specific reactions as the spinal cord to stimu- 
lation with currents of opposite direction, because here the 
pyramidal tracts are near the surface and easily reached for stimu- 
lation. 

It was in fact very easy to evoke these reciprocal phenomena 
by stimulation at the selected level of the motor system. However 
their analysis was complicated by various factors. Current spread 
is quite large and variable when surface electrodes are used and 
even with needle electrodes it is difficult to limit the stimulus 
effects only to the pyramidal tract when stronger stimuli are used. 
Other descending tracts are involved and different cell groups 
in the medulla such as the reticular formation may also be 
excited (cf. Lloyd 1941 a and b). 

The investigations on cats regarding the association between 
the pyramidal and extrapyramidal systems and flejtor and ex- 
tensor functions are relatively few and the data incomplete (cf. 
Tower 1935, Marshall 1936) which makes the analysis 
difficult. 

The different explanations for the reciprocal phenomena in the 
spinal cord (see introduction) may also be applicable to experi- 
ments with medullary stimulation. A different orientation of the 
elements in relation to the current flow is possible if the flexor 
and extensor systems are to be found in different tracts or in 
different medullary cell groups. Some results have also been 
obtained which show that the locus of excitation is important for 
the dominance of the flexor and extensor responses. Thus it was 
observed in several experiments that flexor movements are more 
easily obtained from the cranial and medial parts of the medulla 
and extensor movements from the caudal and lateral. 

In certain experiments the site of excitation has been definitely 
located in the pyramidal tract and it is difficult to believe that 
the different neurons are grouped within one and the same tract 
in such a way that they would be influenced differently by a 
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current of a given direction. It is more probable that the central 
neurons belonging to the flexor and extensor systems possess dif- 
ferent excitability properties (cf. the differences in the charac- 
teristics of the peripheral motoneurons demonstrated by Bern- 
hard and Thbrman 194-7). Especially the fact that, in the 
majority of the experiments, negative stimulus always elicits flex- 
ion while positive stimulus elicits extension seems to indicate this 
alternative. The opposite influence of eonstant polarisation on 
the exeitable mechanisms of the systems may also be most easily 
explained by assuming different inherent properties of the two 
systems. Finally, the result that peripheral fibres with different 
properties can be selectively excited by currents of opposite direc- 
tion (v. Euler and Skoglund 194>7) shows that this assumption 
is not only speculative, but can be experimentally supported. 


Summary 

The descending motor, tracts have been activated by stimulation 
at various points of the medulla oblongata with direct currents 
of opposite directions and the responses reeorded in different 
muscles and nerves. 

With the electrodes in given positions on the ventral surface 
of the medulla, stimulation in one direction causes principally 
flexor responses, whereas extensor responses predominate after 
reversal of the current. With a needle electrode inserted in the 
medulla and an indifferent electrode in the tissue, flexor move- 
ments are usually evoked when the active electrode is negative 
and extensor movements when it is positive. The thresholds for 
the two effects are about the same. Reciprocal inhibition can 
also be produced by artificial stimulation of the medulla. 

Special experiments have been performed in order to determine 
where the excitation takes place. Low threshold areas from which 
typical reciprocal effects can be evoked are found at various points 
corresponding to both pyramidal and extrapyramidal tracts. 
Experiments with transection of the medulla also indicate that 
both these systems are involved. 
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The latencies of the peripheral discharges in the lumbar roots 
are the same when flexor and extensor systems are activated. 

The excitability of the two systems has been studied under the 
influence of constant polarisation. 

The motor unit activation caused by direct current stimulation 
of the medulla has been analysed and its similarity to natural 
discharges emphasized. 
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Alternafing Facilitation and Inhibition of the Extensor 
Muscle Activity in Decerebrate Cats 

By C. G. BERNHARD and P. O. THERMAN* 


Introduction 

In 1902 Frohlich and Sherrington studied the inhibition of 
decerebrate rigidity using local stimulation of the spinal cord. On 
decerebrate cats they made a transection of the spinal cord in 
the upper lumbar or lower thoracic region. Iterative stimulation, 
with a .small pointed electrode placed on the surface central to the 
transection within the ventrolateral white column, evoked relax- 
ation of the extensors of the ipsilateral foreleg. The same effect 
could be evoked by stimulation of different nerves of the hind leg. 

We started the experiments in order to confirm the observations 
of Frohlich and Sherrington and we also' studied the electrical 
activity in the triceps muscle of the foreleg using local stimulation 
of the surface of the transected spinal eord. It was observed 
that stimulation of an area close to the border of the anterior 
and lateral grey columns, obviously corresponding to the pro- 
priospinal tracts, as Avell as stimulation of the sciatic nerves evokes 
a periodic alternation between activity and inactivity in the 
triceps muscle with a certain time relation to the stimulus. This 
rhythmical activity indicates periodical excitability changes in 
the spinal cord of entirely different characteristics than those 
previously described by Bernhard (1945). 

* Fellow of the Rockefeller Foundation. 
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Method 


Experiments were carried out on decerebrate cats. In one series 
the spinal cord was transected in the lower thoracic region and 
three pair of roots above the section were cut. The cut face of 
the upper part of the transected cord was stimulated with square 
shocks via a needle electrode (cf. Frohlich and Sherrington 
1902). In another series, the spinal cord was left intact and the 
stimuli were applied to the sciatic nerve. Records of the action 
potentials from the triceps muscle of the foreleg were obtained 
with concentric needle electrodes. The muscle discharge was re- 
corded from two needles inserted at different points in the muscle 
(two records on each picture). In most experiments the foreleg 
was fixed and the distal part of the triceps muscle was freed so 
that the tendon could be fixed to a myograph stand. Condensor- 
coupled amplifiers and a double-ray cathode oscillograph were 
used. 


Results 

Frohlich’s and Sherrington’s phenomenon was confirmed 
in preliminary experiments, in which the muscles of the foreleg 
were left intact. The interruption of the extensor rigidity in the 
foreleg could easily be observed when a small limited area in the 
ventrolateral white column on the ipsilateral side of the spinal 
cord was stimulated. However, the exact position of the stimulat- 
ing electrode is of great importance in eliciting a rapid effect of 
relaxation. By placing the electrode in the most favourable 
position within the area described by Frohlich and Sherring- 
ton relaxation of the ipsilateral foreleg was obvious after only 
one or a few stimuli even with a low frequency. 

We found, further, that stimulation, with frequencies less than 
10 per sec. of an area quite near and lateral to the anterior and 
lateral columns, often evoked an effect which might be described 
as a pulsation between contraction and relaxation of the ip-silaleral 
extensor muscles. In such cases an increase of the stimulus fre- 




Fig. 1. The^effect of iterative stimulation (6 per sec.) of an area ivithin the left 
ventrolateral white column (upper lumbar segment) on the decerebrate activity 
of the triceps muscle of the left foreleg. (Action potentials, in all figures, from 
two different points in tlie muscle simultaneously), a extensor activity before 
stimulation, 6 after the first, c after the second and d after the third stimulus. 
Time in 10 msec. 

quency often tended to evoke a dominating relaxation after vary- 
ing periods of stimulation. 

Frohlich’s and Sherrington’s phenomenon of inhibition is 
clearly demonstrated by recording the electrical activity of the 
triceps muscle (Fig. 1). Record a shows the continuous muscle 
activity at constant tension and 6 — d the effect of the first, second 
and third stimuli (frequency 6 per sec,). The stimuli are syn- 
chronised to the sweep and the stimulus artefact is visible to the 
left on each record. 
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Fifj. 2. The effect of iterative stimulation of the spinal cord near the border of 
the intermediate grey matter (left side, upper lumbar segment) on the triceps 
muscle activity of the left foreleg, a before stimulation, b after first and second 
stimulus (frequency 12 per sec.), c after the 12th — 14lh stimulus (same frequency), 
d frequency 40 per sec., e same as in d and after cessation of stimulation (low'er 
records), / same as in d but with liigher sweep velocity. Time in 10 msec. 


After the first stimulus (6) there is a »silent period* of about 
30 msec. After the second stimulus the period of inactivity is of 
still longer duration (about 40 msec.) and the succeeding dis- 
charge well synchronised. However, after the third stimulus (d) 
the activity has entirely disappeared. 

As mentioned above, a slight displacement of the stimulating 
electrode towards the border of the grey matter changes the effect, 
as is shown in Fig. 2, where no permanent inhibition of the triceps 
activity could be obtained. Fig. 2 a illustrates the activity prior to 
the beginning of the iterative stimuli (12 per sec.). The upper 
records in Fig. 2 b illustrate the effect of the first stimulus. The 
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Fig. 3. The effect of iterative stimulation (frequency 3 per sec.) of the right 
sciatic nerve on the activity of the left triceps muscle, a before stimulation (also 
upper records in b), b (lower records) after first and second stimulus, c after 
7th and 8th and d after 10th and 11th stimulus, e activity after cessation of 
stimulation. Time in 10 msec. 


following inactivity has a duration of about 60 msec. The records 
in Fig. 2 c clearly demonstrate that the rhythmic activity follow- 
ing each stimulus is characterised by two maxima of activity 
(after about 10 and 50 msec, respectively) separated by a period 
of inactivity. Records in Fig. 2 d and e show the effect with higher 
frequency. The frequency is about 40 per sec. and three stimuli 
occur on each sweep. It can be seen that the first period of 
activity after each stimulus is greatly reduced when it falls within 
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the period of innelivily evoked by the preceding stimulus. Thus 
each period of nclivily is represented liy only one muscle spike. 
After cc.ssation of the stimulation the non-periodic activity 
returns but now Avilh greater intensity than before (rebound, of. 
Sherrington 1907). Records in Fig. 2 / arc obtained with higher 
sweep velocity and show that the latency of the initial muscle 
discharge is about 10 msec. 

The, .same type of rhythmic activity may be obtained from the 
triceps mu.sclc of the foreleg when either one of the sciatic nerves 
is stimulated. Record 3 a shows the typical continuous extensor 
muscle activity in the decerebrate state with constant tension of 
the mu.sclc. Records 3 h and c .show the potential pictures at the 
1st, 2nd, 7th and 8th stimuli (3 stimuli per see. applied to the 
contralateral .sciatic nerve), and clearly demonstrate the rhyth- 
mic activity following each stimulus. For instance, in the lowc.st 
record of Fig. 3 h, the stimulus is followed by an activity after 
about 8 msec., subsequently followed by a period of inactivity. 
Tliis is then succeeded by a new period of activity occurring 
about 40 msec, after stimulation (cf. Fig. 2 c). The duration of 
the period of inactivity increases .successively after the following 
stimuli (Fig. 3 c and upper records in 3 d) and after 11 stimuli 
the activity has completely disappeared (lower records in Fig. 
3 <■/). Record 3 e obtained after cassation of stimulation again 
shows the rebound (cf. Fig. 2 c). 

The fact that a discharge, produced during a period of in- 
activity evoked by the preceding stimulus, is reduced (Fig. 2 d) 
indicate.s that there is actually an inhibition of the cxteiusor 
activity. This is also confirmed by the fact that the intense back- 
ground activity prior to the iterative stimulation (2 a and 3 a), 
completely drops out during the period of inactivity. The experi- 
ment which is illustrated in Fig. 4 indicates that the inhibition 
of the triceps activity is maximal during the middle part of the 
lieriod of inactivity. In this case .stimulation of the contralateral 
sciatic nerve produces typical rhythmic activity (4 a). If the 
tension, of the triceps muscle itself or, of a .synergist, is increased, 
the proprioceptive impulse in-flow will rcflexivcly produce an in- 
(^rease of the muscle discharge. Records 4 b and r show that the 
activity increases in such a way, that the periods of iictivily arc 
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Fig. 4. Same as in Fig. 3 c combined with increasing tension ol Ibc triceps muscle 
fb and cj. Time in 10 msec. 


spread out, i. e. the gap between them is cut off from both sides. 
This means that the inhibition is most pronounced in the middle 
part of the silent period where the resistance to myotatically 
produced excitation is strongest. 


Discussion 

Stimulation, within the area lateral to the anterior and inter- 
mediate grey matter, obviously engages propriospinal fibres 
mediating long spinal reflexes (Fasciculus proprius, see e.g. 
Ranson and Clahk 1947). When this area or the sciatic nerve 
is stimulated the continuous muscle discharge changes to- a rhyth- 
mical activity, the different phases of which have a definite time 
relationship to the stimulus. Two phases of facilitation are 
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separated by a period of inhibition. The stimulus anay evoke a 
multisynaptically transmitted discharge (record 2f) which, then, 
may represent the first period of activity. As pointed out by 
LiiOYD, the long spinal reflex discharge has great variability 
as is also shown in our experiments (no initial discharge in 
Pig, 2 b, but well developed after iterative stimulation especially 
in Fig. 2 f). The latency tends to be about 10 msec, (cf Lloyd 
1942). Thus, the experiments indicate that stimulation of the 
propriospinal tracts or the sciatic nerves elicits a periodic 
excitation of the extensor motoneurones. Diagram 5 illustrates 
schematically these cyclic variations of the central excitation of 
the extensor motoneurones. The crests of the curve represent 
facilitation of the extensor neurones and the dip corresponds 
roughly to the instant when the inhibition of the myotaticallj’ 
evoked discharges is most pronounced. 

The question is, whether the later phases of the cyclic changes 
of excitation are dependent on intraspinal processes or if they are 
evoked through influence from the periphery, i. e. proprioceptive 
impulses from the antagonists and synergists of the foreleg which 
take part in the activity. In an attempt to clarify this problem, 
preliminary experiments were performed, in which denervation 
and anaesthetisation of different muscles were used. The experi- 
ments suggested that the cyclic changes of excitation depend on 
intraspinal processes, but that they may be influenced from the 
proprioceptive in-flow from contracting muscles. The problem has 
later been further analysed (see Bernhard and Tiibrman 1947). 
In experiments on descending long spinal reflex acti^^ty Lloyd 
(1942) studied the influence of brachial plexus volleys on the 
excitability of lumbar two-neuron arcs and demonstrated an early 
inhibition lasting for about 10 msec, followed by a facilitation 
of about 35 msec. Our results, however, can not directly be com- 
pared with those of Lloyd because the experiments, described 
above sho\y the influence of ascending tract volleys on the extensor 
system only. 

While stimulation of the sciatic nerves as well as the proprio- 
spinal tracts usually is followed by alternating facilitation and 
inhibition of the extensor activity of the foreleg, stimulation of 
the area described by Frohlich and Sherrington -produces a 
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inhib. fac i I . 



Fig. 5. The curve illustrates the periodical excitation of the extensor motor 
neurones of the foreleg following a single stimulus (S) applied to the ipsilateral 
sciatic nerve or the propriospinal tracts. Upward deflection indicates facilitation 
and downward deflection inhibition. See text. 


complete and long-lasting inhibition of the extensor' activity. 
Fig. 1 illustrates how this inhibition develops. The synchronised 
discharge, which is clearly visible in Fig. 1 c, seems to correspond 
to the second maximum of activity, following stimulation of the 
propriospinal tracts (Fig. 2) or the sciatic nerves (Fig. 3 and 4>). 
However, initial activity never occurs, and complete inhibition 
develops after a few or only one stimulus. These facts indicate 
that the stimulating needle touches pathways mediating impulses 
with selective inhibitory action on the extensor reflex system of 
the ipsilateral foreleg as pointed out by Frohlich and Sherring- 
ton. One or a few stimuli, applied to a limited area within the 
ventrolateral white column obviously, evoke long-lasting spinal 
processes accompanied by prolonged inhibition of the extensor 
activity. 


Summary 

1. Stimulation of the ascending propriospinal tracts or the 
sciatic nerve evokes a periodic alternation between facilitation and 
inhibition of the decerebrate extensor activity of the ipsilateral 
foreleg, the different phases having a certain time relationship 
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to the stimulus. The excitability changes seem to depend on long- 
lasting intraspinal processes. 

2. Stimulation of the fairly limited area within the ventro- 
lateral white column (described by Frohlich and Sherrington) 
evokes inhibition of the decerebrate extensor activity, which has 
been studied myographically. It has been- shown how the applica- 
tion of a few or even one stimulus may evoke a profound inhibi- 
tion of the ipsilatcral extensor activity. The effect evoked from 
these fibres thus has entirely different characteristics from that 
described above. Impulse volleys in this tract seem to evoke even 
more long-lasting intraspinal processes accompanied by inhibition 
of extensor activity. 


This work has been supporleii by a grant from tlic Rochefeller Foundation 
to the Nobel Institute for Neurophysiology. 
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Rhythmical Activity of Motor Units 
in Myotatic Reflexes 

By C. C. BERNHARD and P. O. THERMAN* 


Introduction 

In a previous paper we demonstrated how the continuous 
extensor activity of the forelegs in the decerebrate state changes 
to grouped activity after stimulation of the sciatic nerve, the 
different groups of discharge having a certain time relationship to 
the stimulus (Bernhard and Therman 194;7). "We also observed 
that passive movements of the foreleg evoke grouped activity in 
the triceps muscle. The experiments to be described below re- 
present a further analysis of this observation and they show how 
the muscle discharge in the decerebrate state is transformed into 
a synchronised rhythmic activity during changes in the local 
proprioceptive in-flow. Further experiments were performed on 
different muscles in order to show how the rhythmical activity 
from different units participates in the building up of this syn- 
chronised discharge. 


Methods 

The cats were decerebrated and fastened with clamps to a stand 
in a heated, shielded box. In those experiments, which were per- 
formed in order to study the changes of the persistent extensor 
activity, cats were used which exhibited a steady and even 
extensor tone (transection at intercollicular level). The purpose 
* Fellow of the Rockefeller Foundation. 


of these experiments also justifies the choice of the foreleg 
extensors as the main object for study. The head was fixed in a 
slightly raised position. Care was taken not to change the extero- 
ceptive and extrasegmental proprioceptive impulse in-flow. In 
other experiments the persistent flexor activity was analysed. The 
transection was then made in front of the anterior colliculi in 
order to obtain a persisting posture of the flexors (see e. g. Denny- 
Eccles and Liddell, 1929). In some of the experiments 
the muscles of the foreleg were intact, but in most of them the 
biceps and triceps were distally prepared free. The leg was fixed 
with drills and the tendons were fastened to a myograph stand, 
so that the muscles could be independently stretched. The same 
method was used in experiments on muscles of the hind leg. 
Recording of the action potentials from the muscles was made 
with concentric needle electrodesor double, enamelled steel needles, 
the points of which were free. Tw'O condenser-coupled amplifiers 
were used, connected to a double-ray cathode oscillograph. 


Results 

The mass activity, in the decerebrate state, from the intact 
triceps muscle is shown in Fig. 1 a (cf, also 2 c, e, f, h, and k). By 
flexing or extending the foreleg at the elbow, the proprioceptive 
in-flow from the triceps muscle is increased respectively decreased 
evoking a reflexively conditioned increase or decrease of the dis- 
charge from the muscle. However, during the change of the pro- 
prioceptive in-flow the muscle activity always passes through a 
phase characterised by pronounced grouped activity (Fig. 1 b). 
When the new position has been taken the continuous activity 
returns (1 c). When, as in this case, all the muscles acting at the 
elbow’ joint are intact, the change in central excitability is depen- 
dent on the change in the proprioceptive in-flow not only from 
the triceps muscle itself, but also on changes from the other 
muscles which are involved in the movement. 

The following experiments wmre performed in order to deter- 
mine the part played by the triceps muscle itself, a synergist or 
an antagonist in the elicitation of the grouped activity. 
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Fig. 1. Action polcnlinls in decerebrate rigidity from the triceps muscle of tbc 
foreleg (intact muscles), a at full e.\tcns;on, b during .slight passive flexion, c after 
flexion. Time in 10 msec. 


With moderate and constant tension in the distallj"^ freed triceps 
muscle a continuous complex spike activity is recorded (Fig. 2 a, 
e, f, h and k). In /, h and k the activity has been simultaneously 
led off from two different points in the muscle (represented by 
the two sweep pictures close to each other). As may be expected 
there are marked differences between the two recording points 
with respect to the distribution of the muscle spikes. 

Records 2 b and c show the change in the impulse discharge 
during decreasing tension of the triceps muscle. Thus, when the 
proprioceptive impulse in-flow from the muscle itself is reduced 
the activij;y successively decreases and drops out (lower tracings 
in Fig. 2 c). It is typical, however, that during the decrease in 
tension the disappearance of impulses is not evenly spaced but is 
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FiR. 2. Action potentials from tlic triceps muscle thirinR a — c decreasing tension, 
<1 — c increasinR tension; / — g increasing tension in the ncighbrniring extensor, 
h — 1 increasing tension in Ijiceps, k — m pinching of biceps. Time in 10 msec. 
(The time scale on g refers also to records a — }). 


characterised by grouped activity (beginning in 2 6 upper tra- 
cings, and very obvious in 1 b lower tracings). 

If, instead, the triceps muscle is stretched from complete re- 
laxation (no activity as in Pig. 2 c, lower tracing.s) the activity 
again passes a phase characterised by marked grouped activity 
(dr-c). 

Changes of the tension in an extensor to the same joint also 
produce grouped activity in the triceps muscle. In records 2 / — g 
the tension in the triceps muscle has been kept constant. Record 
2 / is obtained at moderate tension in the neighbouring extensor. 
When the tension in the other extensor is increased, grouped 
activity again occurs in the triceps muscle (2jr). 

We then studied the influence, on the triceps muscle activity, 
of changes in the tension of an antagonist (the biceps muscle; 
records h — i). The continuous impulse discharge in the triceps 
muscle (2 h) is replaced by grouped action when the antagonist 
is stretched (2 i). The same typical picture of grouped activity 
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Fig. 3. Rhylmically discharging units from Uie triceps muscle during; n decreasing 
tension, b increasing tension. Time in 10 msec. 

is obtained by pinching the biceps muscle {k — m). In these two 
latter experiments indirect influence from the extensor muscles 
was eliminated by freeing them from their distal points of attach- 
ment. 

Attempts have also been made to evoke grouped activity in the 
triceps muscle by changing the suprasegmental proprioceptive 
in-flow. However, moving the cat’s head up and down in order to 
change the proprioceptive in-flow from the neck muscles does not 
evoke any obvious grouped action provided that secondary in- 
fluences from the foreleg muscles are prevented. 

The frequency of the rhythmical triceps discharge, evoked in 
these various ways, tends to be about 30 per sec. ?. e. the interval 
between two activity maxima is approximately 30 msec. 

The fact, that the complex muscle spikes, in the case of grouped 
activity, have a much higher amplitude (see records lb, 2b, g 
and m) indicates that the grouped activity actually depends on a 
synchronisation of activity from different units. This is further 
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supported by the fact that the potential groups recorded from 
different points in the muscle occur simultaneously despite the 
fact that in the state of continuous activity the distribution of 
impulses from the two recording points is different (see 2 b, g, 
i and m). 

In order to obtain further information concerning synchroni- 
sation, evoked by changes in the proprioceptive impulse in-flow, 
we studied the activity of single units, during very slight varia- 
tions in the tension of the muscles. Care was taken to insert the 
needle electrodes in such a way that spikes of equal amplitude 
were obtained with a slight tension in the muscle. (Fig. 3 and 8.) 
We- thus studied units with low threshold to myotatic stimulation. 
Fig. 3 shows the well known changes of frequency in rhythmically 
discharging units by changing the myotatic influence through re- 
duction and increase of the muscle tension. The experiments are 
presented to illustrate the observations; 1) that the »low threshold 
unit> can not maintain a rhythmical discharge with a low fre- 
quency but drops out (3 a), 2) that the increase of frequency 
of the same unit is limited also at increased tension (3 6). At 
higher tension a new unit is brought into play with approximately 
the same frequency (Fig. 3 B). At still higher tension more units 
are involved, but the picture then becomes so complicated (cf. 
Figs. 1 and 2) that the rhythms of the individual units can not be 
analysed. 

Diagram 4 shows how the intervals between the spikes of a 
rhythmically discharging unit with low threshold to myotatic 
stimulation (open circles, curve I) are lengthened by reducing the 
muscle tension (at A). It is true that at lower tension the intervals 
are lengthened but a low frequency can not be maintained and 
the spike entirely drops out. With increasing tension (at B) the 
rhythmic discharge begins again and the spike interval approaches 
the initial value. At C the muscle tension is further increased 
thus reducing the spike interval to a slightly lower value and a 
second spike is brought into play (filled circles, curve II). When 
the muscle is again relaxed the second spike drops out, followed 
by the disappearance of the first spike. Thus, under the given 
conditions, the unit with low threshold to myotatic stimulation 
tends to work within a fairly limited >frequency band». 
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experimental procedure on (he abscissa. Open circles indicale inlcn-als l)cUvcen 
spikes of a unit ■uith low threshold to stretch; filled circles of a unit with some- 
what higher threshold. Arrows at .A and D indicate decrease in tension; at II 
and C increase of tension. Filled columns at the liottoin of the diagram indicalc 
the periods during which double responses occur. 



Fig. 5. Distribution of intervals between spikes of a rhythmically discharging unit 
of the biceps muscle during myotalic influence. Each class covers 10 msec, (on the 
abscissa). Number of measured intervals in the different classes on the ordinate. 

We have determined such frequency bands in different muscles 
for units with low threshold to myotatic stimulation. Fig. 5 shows 
the material (256 values) from one experiment on the triceps 
muscle of the foreleg. The columns represent the number of 
measured spike intervals (on the ordinate) in classes of equal 
size, each one including 5 msec, (along the abscissa). The maxi- 
mum lies between the interval values 25 and 30 msec. In order 
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Fig. G. Frequency bands from rhythmicnlly discharging low threshold units of diff- 
rent muscles, A hind leg, filled circles quadriceps, open circles adductor longus, 
circles with cross gastrocnemius; B foreleg, open circles biceps, filled circles tri- 
ceps. For further description see text. 


to express the frequency band the inverted values of the spike 
intervals are plotted along the abscissa (Fig. 6). The number of 
values in each class have been plotted along the ordinate in per 
cent of the maximam column. Fig. 6 A shows the frequency bands 
for the gastrocnemius (crossed circles), quadriceps (solid circles) 
and adductor longus (open circles) of the hind leg, while 6 B 
illustrates the frequency bands for the triceps (solid circles) and 
biceps (open circles) of the foreleg (300 — 1,000 values for each 
curve). 

Having studied the behaviour of the individual unit, ve were 
able to analyse the development of synchronisation of different 
units which is illustrated in Fig. 3 b. "When the small muscle spike 
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Fig. 7. Diagram showing the building up of a synchronised rhythmical activity by 
two different muscle units. For further description see text. 


is brought into activity, it tends to appear in the neighbourhood 
of the large spike. If the average for the intervals between the 
large spikes is calculated from the last 10 records the value 38 .g 
msec, is obtained. In addition the distance has been measured 
between each small spike and the nearest large spike. The obser- 
vations are graphically illustrated in Fig. 7 A. The distances 
between the three thin solid columns represent the average for 
the intervals between the large muscle spikes. The broad columns 
to the left of zero on the abscissa indicate the number of small 
spikes which appear during the periods 0 — 10 respectively 11 — 20 
msec, before the nearest large muscle spike; while the columns 
to the right indicate the number of small spikes occurring during 
the periods 0 — 10 respectively 11 — 20 msec, after the nearest large 
muscle spike. 

Diagram 7 B, based on a larger material obtained under similar 
conditions from the biceps muscle (112 values; each class in- 
cluding 5 msec.), confirms the observation that when units with 
high threshold to myotatic stimulation are brought into play their 
spike discharges tend to keep close to those of a unit already 
discharging. 

In most of our experiments we also found the » double response^ 
of the same unit, which was first described by Eccles and Hoff 
(1932). This phenomenon usually occurs when the tension of the 
muscle passes the threshold value for rhythmic activity (Fig. 8). 


9 




Fig. 8. Doubling and tripling in, a triceps (foreleg), b tibialis anterior, c gaslroC' 
nemius during temporary decrease of muscle tension. Time in 10 msec. 



In 8 c both »doubIing» and ^tripling*, occurs. The doubling and 
tripling is characterised by an initial spike of normal size followed 
by a second smaller and sometimes a third still smaller spike. It 
is not necessary to comment further the difference between the pic- 
ture of repetitive discharge? from the same unit and that of two 
simultaneously discharging units (Fig. 3 b). In Fig. 4 the hori- 
sontal columns at the bottom of the diagram show the periods 
during which this phenomenon occurs. 


Discussion 

In the w’ell known condition of decerebrate rigidity (Sher- 
rington 1898) the extensor muscles involved produce a persi- 
stent contraction, the electrical activity of which was first shown 
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by Dusser de Barenne (1911) and Buytendijk (1912). The 
persistent regular, rhythmical activity of single units in the de- 
cerebrate state at passive tension of the muscle was first de- 
monstrated by Denny-Brown (1929) and by Adrian and 
Bronic (1929). Denny-Broivn states in his paper on postural 
reflexes in decerebrate cats that :>each unit is sudden in onset of 
discharge and keeps an approximately even rate despite the con- 
tinuously increasing tension* . This observation is further support- 
ed by our experiments (Figs. 4, 5 and 6), which show that in the 
decerebrate state, a single unit under myotatic influence tends 
to work whithin a fairly limited frequency range. 

An increase of the proprioceptive excitation (caused by an in- 
crease of the passive muscle tension) is followed by ^recruitment* 
of new motor units (Liddell and Sherrington 1923), each pre- 
serving an approximately even rate of discharge (cf. Denny- 
Brown 1929). It is obvious (see Figs. 3 b and 7) that the spikes 
of single units which are brought into play by increasing the 
muscle tension tend to keep close to the spikes of the units which 
— because of their lower threshold — are already discharging. 
Thus the experiments show how the synchronisation of the 
rhythmical activity is built up by two different units. 

In decerebrate rigidity the mass activity of the extensors has a 
tendency to grouped action. The above experiments show that 
the synchronisation of the different rhythmically acting units is. 
especially pronounced during the change in the proprioceptive 
in-flow from the muscle itself, the antagonists or the synergists 
(Figs. 1 and 2). The experiments on single units discussed above 
represent an analysis of this phenomenon. It may be pointed out 
that the frequency of the grouped mass activity in Fig. 2 is of 
the same order as that found in experiments on single units 
(Figs. 4, 6 B and 7 A). The rhythmical discharge of the moto- 
neurons is dependent on the intensity of the persisting excitatory 
influence, and it is obvious that in the decerebrate state a change 
in that fraction of excitation, which depends on the local pro- 
prioceptive in-flow, favours the synchronisation of the rhythmical 
activity. 

The synchronised activity is easy to separate from the multiple 
spike activity from the same unit (Fig. 8) i. e. the double response. 
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This phenomenon is known from earlier investigations on reflex 
activity (Eccles and Hoff 1932; Hoff and Grant 194-4) and 
has been shown to occur also during quick voluntary movements 
(Gilson and Mills 1941). Doubling and tripling occur by vary- 
ing the proprioceptive in-flow near the threshold value of myotatic 
stimulation (cf. Hoff and Grant 1941). 

The difference between the response from the individual units 
during changes of the proprioceptive influence in the decerebrate 
state and the response during changes in the contraction under 
voluntary control must be emphasized. Adrian and Bronk 
(1929) were the first to study the response of single units during 
voluntary contraction; later many investigations have been made 
on the same subject (see e. g. Smith 1934, Lindsley 1935, 
Hoefer and Putnam 1939, Seyffarth 1940, Gilson and Mills 
1941, Wedell, Feinstein and Pattle 1945, Kugelberg and 
Skoglund 1946). A change in the excitatory influence on the 
motoneurons from cortical levels — as in the case of changing 
voluntary contraction — is followed by an uniform change in the 
the frequency of the different units in contrast to the fixed fre- 
quencies during varying myotatic influence in the decerebrate 
state. In addition the tendency to synchronised activity is not 
so pronounced in the case of voluntary control. It is true that 
e.g. Stetson and Bouman (1935) have reported grouped acti- 
vity (50 per sec.) from the muscles of the forearm during tapping 
movements of the hand. Most investigations, however, show that 
the various units during changes in voluntary contraction dis- 
charge asynchronously (see e. g. Gilson and Mills 1945, Kugel- 
berg and Skoglund 1946). It has also been demonstrated that, 
during increasing voluntary excitation, units giving small ampli- 
tude potentials are activated before those giving larger spikes 
(Smith 1934, DENNY-BRO^VN and Pennybacker 1938, Kugel- 
berg and Skoglund 1946). This is not the case during increasing 
myotatic stimulation in the decerebrate state (Fig. 3). 

The phenomenon of synchronisation during myotatic influence 
in the decerebrate state has to be borne in mind when considering 
the electromyographic studies of those nerve diseases in which 
synchronised activity has been found (see e. g. Hoefer and 
Putnam, 1940, Buchthal and Clemmesen, 1943 and 1946). 
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The curves in Fig. 6, representing frequency bands of low thres- 
hold units in different muscles, may indicate the possible exi- 
stence of differences in the characteristics of the motoneurons of 
different systems c. g. extensors and flexors. Wc have the general 
impression that extensor units discharge with lower frequencies 
than flexor units in the state of persistent extensor or flexor posture. 
Still lower frequencies in the persistent rhythmical discharge of 
extensors are demonstrated in the paper by Denny-Brown (so- 
leus), Adrian and Bronk (quadriceps). Further investigations 
are, however, necessary in order to demonstrate whether there is 
actually a definite difference between the characteristics of anta- 
gonistic motoneurons or not. 


Summary 

1. The experiments show that in the decerebrate state the per- 
sistent extensor muscle discharge is transformed into a synchro- 
nised rhythmic activity during changes in the proprioceptive 
in-flow from 1) the muscle itself 2) a synergist 3) an antagonist. 

2. In order to analyse this phenomenon experiments were per- 
formed in which the rhythmic activity of single motor units in 
different muscles was studied. It was shown that in the decere- 
brate state units with low threshold to myotatic stimulation 
tend to discharge within relatively limited frequency ranges 
during varying proprioceptive excitation (evoked by changing the 
muscle tension). Descriptions of frequency bands from different 
muscles are presented. 

3. Further experiments demonstrate how the synchronisation of 
the rhythmical activity from two different units is built up 
during the increase of the muscle tension. 

This work has been supported by a grant from the Rockefeller Foundation to 
the Nobel Institute for Neurophysiology. 
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Reciprocal Facilitation and Inhibition following 
a Single Afferent Volley 

By C. G. BERNHARD and P. 0. THERMAN* 


Introduction 

It has been demonstrated that stimulation of either one of the 
sciatic nerves is followed by alternating facilitation and inhibition 
of the activity in the triceps muscle of the foreleg, the different 
phases of excitation having a fixed time relationship to the sti- 
mulus (Bernhard and Therman 194-7 b). 

The purpose of the present investigation is to gain further 
information on the slow rhythmical changes of the excitation in 
the extensor and flexor motoneurons following a single afferent 
volley. The experiments to be described show how periods of 
facilitation and inhibition alternate in the antagonistic motor 
systems of the forelegs following a stimulus applied to the sciatic 
nerve. Similar phenomena are demonstrated by stimulation of a 
nerve of the foreleg. Preliminary experiments show that the slow 
ventral root potentials may have a rhythmical course, the diffe- 
rent phases of which may be correlated to the changes of excita- 
tion mentioned above. 


Methods 

Decerebrate cats were used having pronounced rigidity of the 
forelegs. The triceps and biceps muscles of the forelegs were freed 
distally and their tendons fixed to a myograph stand. The action 

* Fellow of the Rockefeller Foundation. 
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j)olcnliaIs from Iho muscles were led off with needle eleelrodes 
aiKi recorded with coiuionser-coupled amplifiers and doid)Ie-ray 
calhodc oscillographs. In .some experimenls the action polenlials 
were simultaneously registered from the Irieeps and biceps muscles 
of both forelegs. Different nerves were stimulated with electrical 
shocks, which were synchronised to the sweej). 


Results 

1. Electrical innss activity in antagonistic nniscles 
of the foreleg. 

In cats which — because of the transection at supracollicular 
level — develop a persistent, imsture of both flexors and extensors 
in the forelegs, a continuous i)ot.ential activity can be recorded 
simultaneously from the biceps and trieei)s when they are slightly 
stretched. When a single stimulus is a))))lied to the contralateral or 
ipsilatcral sciatic nerve the continuous activity in the two anta- 
gonists is transformed into grouped activity. It is typical that 
the flexor is active during the periods when the extensor is silent 
and vice versa. Fig. 1 illustrates the common type of response 
(ipsilatcral sciatic nerve stimulated) ))rovidcd that both muscles 
are under continuous myotatic c.xcitation during the experiment. 

An increase of the tension in the ])roprioceptive in-flow from 
the triceps evoked by an increase of the tension in the nmsclo is 
followed by an increase of activity in the same muscle and a 
reduction of the activity in the antagonist. It has previously been 
demonstrated that during the increase of proprioceptive excita- 
tion the periods of activity in the same muscle become prolonged 
so that the dividing gaps arc shortened (Bkhnuah!) and I'ltKH- 
MAN IDdo b). It is ca.sy to show that at the same time the opposite 
occurs in the antagonist, i.e. a ])rolongation of the silent periods 
at the expense of those of activity. With sufficient tension in the 
triceps the activity entirely disappears in the biceps muscle. The 
last remnants of activity in the biceps occurs simultaneously 
with the remaining shortened gaps of inactivity in llu' triceps. 
The reverse occurs during an increase of tension in the biceps. The 
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Fig. 1. Distribution of electrical mass activity from biceps and triceps (foreleg) 
following a sciatic shock on the ipsilateral side. Time in 10 msec. 


experiments show that a single stimulus applied to the sciatic 
is followed by a periodical change of excitation in the cervical 
segments, and that, during the different phases of periodical spinal 
excitation, the facilitation of the extensor motoneuroijs is most 
intense when the inhibition of the flexor neurons is most profound. 

2. Activity of single units in antagonistic muscles 
of the foreleg. 

In order to study more carefully the rhythmical changes of 
reciprocal excitation, the spike activity of single units in the 
biceps and triceps muscles was recorded. In addition, the sti- 
mulus strength to the sciatic was kept so low that no muscle 
contractions were produced, but there was a definite influence 
on the rhythm of the myotatic discharges in the two antago- 
nistic muscles. Records in Fig. 2 (from the biceps muscle of the 
foreleg) show the influence of subliminal, iterative, contralateral 
sciatic shocks on the rhythmical spike discharge (evoked by a 
slight constant tension in the muscle). Each sweep shows the 
events after each sciatic shock, the artefact of which is visible 
to the left on the records. A glance at the picture gives the 
impression that the spikes tend to occur within fairly well defined 
periods following stimulation. 

Diagram 3 illustrates how the records from this and the follow- 
ing experiments have been analysed. In 3 B, thirteen different 
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Fik- 2. Venlrul root potentials from Lt (left side). Medullary stimulus. Lumbo- 
sacral dorsal roots cut. A. Supra-lhresliold stimulus causing flexion of left hind 
leg. B. Sub-threshold stimulus. C. Same as B from another experiment, in 
whicli tlie potential from Si was measured. Time: 10 msec. 
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sweep pictures arc arranged so that the interval between the sciatic 
shock (0 on tlie horisontal axis) and the first spike on cacli record 
increases from the lop downwards in the diagram. As previously 
mentioned tlie changes of spinal excitability, following the sciatic 
shock, plays on a background of rhythmical activity maintained 
by the myotatic influence from the muscle during constant passive 
tension. In this case, the unit discharges with a frequency of 
per sec. In 3 A the thick vertical lines represent the spikes of 
the rhythmically discharging unit prior to stimulation, the inter- 
vals representing the average for the intervals between the spikes 
(24'.5 msec.). 

The first spike in each of the upper two scries in 3 B owing 
to short latency cannot be influenced by the central events follow- 
ing the sciatic shock. The second spike in each of the two upper 
tracings obviously is due to the myolalically conditioned rhythm 
since they occur 30 respectively 20 msec, after the first spike. 
Following this, one spike in the myolalically conditioned rhylhm 
drops out; whereupon two spikes appear at typical intervals 
(24 respectively 20 msec.). 

The following tracings show how the first spike on each sweep 
tends to be *caught» within the period 20 — 30 msec, after the 
stimulating shock, indicating a jirst phase oj facilitation. Further, 
that spike which should appear about 25 msec, after the first 
one (i. e. about 50 msec, after the shock) drops out (3rd and 
Tth — 13th tracings) or is delayed (4th — 6th tracings). The dis- 
appearance or delay of the second spike indicates an inhibition 
of the motoneuron activity. During the period 70 — 130 msec., two 
spikes appear with about the same interval ns for the regular 
rhythm in Fig. 3 A. Obviously a second phase oj facilitation 
occurs during this period. 

In diagram 3 C each column represents the number of spikes 
occurring within the periods 1—10, 11—20 msec, etc. after the 
stimulus (obtained from the tracings in 3 B). The diagram de- 
monstrates the periodical changes in excitation of the flexor 
motoneurons during the first 150 msec, after the application of 
the contralateral sciatic shock. 



Fig. 3. Diagrams showing Uic time distribution of spikes from a single unit in 
biceps (left foreleg). A, average distribution prior to stimulation. B, thirteen 
sweep-pictures each one showing the distribution of the spikes after a shock 
to the right sciatic (0 in the horisontal axis). C, obtained from B; the columns 
represent number of spikes (vertical axis) wiUiin 0 — 10, 11 — 20 etc. msec, after 
the sciatic shock, (0 on the horisontal axis.) 


The integrating curve indicates two periods of facilitation se- 
parated by a period of inhibition (cf. Fig. 1). Maximam faci- 
litation occurs 20 — 30 msec, respectively 90 — 100 msec, after the 
stimulus. 

It must be emphasized that the course of the curve obtained 
in the above experiment is dependent on interference between 
the myotatically evoked rhythm (in 3 A) and the periodic changes 
of excitability following sciatic stimulation. However, it is obvious, 
that the latter dominates. 


G 



50 100 150 200 msec 



Fig. Diagrams showing spike distribution of single units in biceps (A) and 
triceps (B) of left foreleg follouing a stimulus applied to the right sciatic nerve. 
Number of spikes on vertical axis. Time in 10 msec, on horisonlal axis. (cf. Fig. 3.) 


Several experiments were performed under similar conditions 
and the spikes from single units were recorded simultaneously 
from the triceps and biceps muscles of the foreleg. The stimulus 
was applied to either the contralateral or the ipsilateral sciatic 
nerve. Between 30 and 4-0 sweep records were used as basis for 
each diagram and the material was always arranged as shown 
in Fig. 3 C. Fig. 4- shows the typical distribution of the single 
spikes from units in the biceps (45 A) and the triceps (45- B) during 
the 200 msec, after a contralateral sciatic shock, which was too 
weak to evoke contraction of the foreleg muscles. The distribution 
of the spikes in Fig. 4- A is the same as in Fig. 3 rvith the addition 
of a third maximum of facilitation which occurs at about 180 
msec. When examining the distribution of the spikes, obtained 
simultaneously from the antagonistic triceps muscle, it is obvious 
that the intensity of facilitation in this muscle is greatest when 
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so 100 150 msec 


Fig. 5. Diagrams showing spike distribution of single units in biceps (A) and 
triceps (B) of left foreleg following a stimulus applied to the left sciatic nerve. 
Number of spikes on vertical axis. Time in 10 msec, on the horisontal axis. (cf. 
Fig. 3.) 


there is a marked inhibition of the biceps activity (40 — 50 respec- 
tively 140 — 160 msec, after stimulus) and vice versa. 

Irregularities in the distribution of values obviously depend 
on the ability of the myotatic rhythm to assert itself, see e. g. 
the first period of extensor facilitation (4 B) which includes two 
crests with an interval of 30 — 40 msec. (cf. Bernhard and 
Therman 1947 c). Further it is apparent that the first phase, 
which is characterised by flexor facilitation and extensor inhibi- 
tion (30 — 40 msec.), is of shorter duration than the following 
phases (70 — 100 msec.). 

Fig. 5 from an experiment on the same pair of muscles, .shows 
the distribution of the spikes from antagonistic units during 150 
msec, following an ipsilateral sciatic shock. There is a narrow 
peak for the extensor at 10 msec, (column 0 — 10 msec, in 5 B) 
indicating raised excitation caused by the long ascending spinal 
reflex activity (cf. Bernhard and Therman 1947 b; and for 
descending long spinal reflexes Lloyd 1942). The first maximum 
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Fig. 6. Diagrams showing spike dislribulion of single units in right triceps (A) 
and left biceps (B) following stimulation of left radial nerve. Number of spikes 
on vertical axis. Time in 10 msec, on the horisonlal axis. (cf. Fig. 3.) 


oJ flexor facilitation occurs 20 — 30 msec, after the shock (5 A) 
corresponding to an inhibition of the extensor activity during the 
same period (5 B). The next two periods of extensor facilitation 
correspond fairly well to the periods of extensor inhibition (50 
respectively 110 msec, after the stimulus). 

Excitability curves have also been determined for motoneurons 
in the same antagonistic system after stimulation of the radial 
nerve. Fig. 6 shows the distribution during 80 msec, of the muscle 
spikes from units in the contralateral triceps (7 A) and the 
ipsilateral biceps (7 B) following a radial stimulus. The faster 
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sweep velocity in this case allowed more accurate measurements 
to be made and consequently each column in the diagrams re- 
presents 5 msec. The first column in 6 B, which represents an 
early period of facilitation, corresponds to the ipsilateral flexor 
reflex. After a period of inhibition a second phase of facilitation 
follows. In the contralateral triceps the facilitation is maximal at 
10 — 20 respectively 60 — ^70 msec., the intervening inhibition being 
greatest at 30 — 45 msec. 


3. The influence of myotatic inhibition on the cycle 
of excitability. 

The influence of changes in the proprioceptive in-flow on the 
rhythmical discharge from motor units under myotatic excitation 
has previously been analysed (Bernhard and THER^LAN 1947 c). 
In connection with the experiments above we studied the effect 
of changes in the myotatic excitation on the cyclic facilitation 
in dervical segments, following stimulation of the sciatic nerve. 
Record 7 a shows the usual distribution of spikes from a unit 
in the biceps of the foreleg when the ipsilateral sciatic is stimu- 
lated during liminal tension (cf. Fig. 5 A). In most of the pictures 
there is the typical double response of the single unit (cf. e.g, 
Bernhard and Therman 1947 c). When the tension in the 
antagonistic triceps muscle is increased the latencies become 
longer (records 7 h — d) and at a certain tension the spikes drop 
out entirely. It should be noted that the latency for the first 
spike increases less than for the second, and also that the first 
is more *.resistant» to the inhibitory influence evoked by the 
proprioceptive in-flow from the antagonist. This is graphically 
illustrated in Fig. 8 (latencies in msec, on the vertical axis and 
the number of sweep pictures on the horisontal axis). A slight 
increase of the tension in the antagonist (at A) is followed by a 
transitory prolongation of the second spike latency (open circles), 
while scarcely any change can be observed in the first spike 
latency (filled circles). When the tension is further increased 
(at B) there occurs a transitory prolongation of the second spike 
latency to about 150 msec., followed by a temporary disappcarcncc 
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Fig 7. Spikes from a single unit in loft biceps 
sciatic nerve, a, during slight tension in biceps 


following stimulation of the left 
_ during increasing tension 


in triceps. Time in 20 msec. 



Fig. 8. Graphic illustration of an experiment similar to that in Fig. 7. Vertical 
axis gives the latencies of the first spike (filled circles) and the second spike 
(open circles). Number of recorded sweeps on horisontal axis. A, a slight increase 
and B, a further increase in tension of the antagonist. 
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of the spike discharge. The latency for the first spike is also tem- 
porarily prolonged but not to the same extent (from 15 to 40 
msec.), .nor does the first spike drop out. 


4. Survey of the cyclic reciprocal facilitation 
and inhibition. 

Fig. 9 gives a general view of the reciprocal facilitation and 
inhibition in biceps and triceps of the foreleg following stimulation 
of the sciatic (I), and the radial nerve (11) on the ipsilateral (A) 
and the contralateral side (B). Deflection upivards means facilita- 
tion of the extensor and inhibition of the flexor activity, whereas 
deflection downwards means facilition of the flexor activity and 
inhibition of the extensor activity. 

The latencies of the muscle spikes vary relatively less within 
the earlier phases of facilitation than in the later (see Fig. 3). 
As a consequence the early peaks in the different diagrams are 
in general narrower and higher than those occurring later in the 
cycle (Fig. 3, 4, 5 and 6). The relatively fixed latency indicates 
that the facilitation is more intense in the earlier phases than 
in the later. The fact that the first discharge is more resistant 
to inhibitory influences than the second (see Fig. 8) supports this 
assumption. Experiments of the type described on page 2 show 
that the same holds true concerning the periods of inhibition. 
Thus, the high amplitude of the early phases of the curves in 
Fig. 9 indicates that facilitation and inhibition are strongest at 
the beginning of the cycle. 

After stimulation of the sciatic nerve the initial crest in Fig. 9 
(I A) indicates facilitation of the extensor neurons and inhibition 
of the flexor neurons on the same side i. e. inclination to ipsilateral 
extension of the foreleg; whereas on the opposite side the first 
phase to occur is the initial dip in I B which indicates facilitation 
of the flexor neurons and inhibition of the extensor neurons i. e. 
inclination to contralateral flexion. 

Stimulation of the radial nerve is followed by a phase charac- 
terised by facilitation of flexor neurons and inhibition of extensor 
neurons on the same side (11 A), t. c. the ipsilateral flexor reflex; 
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Fig, 9 Cyclic reciprocal changes of excitalion in antagonistic motor systems 
(biceps and triceps of the foreleg) following stimulation of the sciatic (I) and 
radial (II) nerve on the ipsilateral (A) and conlrnlateral side (B). 

For further description see text. 

whereas the first peak in II B shows facilitation of the extensor 
neurons and inhibition of the flexor neurons on the opposite side 
i.e. inclination to a crossed extensor reflex. 

5, Preliminary experiments on slow spinal 
cord potentials. 

Having demonstrated the slow, cyclic, reciprocal effects after 
a single stimulus the question arose whether or not the different 
phases of excitation in the antagonistic systems could be correl- 
ated to different phases of the slow cord potential. Records 
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were made from the dorsal and ventral roots of lumbosacral 
segments when different afferent nerves of the hind leg were 
stimulated. We found that in the decerebrate state the ventral 
root potential following stimulation of e. g. the sural nerve may 
have a rhythmical shape, the different phases of which seem 
to have the same time characteristics as those of the cyclic exci- 
tability changes described above (see also preliminary note by 
Bernhard and Therman 1947 a). 

In connection with the question concerning the role of acetyl- 
choline in central transmission and excitability (see e. g. Schweit- 
zer and Wright 1937 a and b, Bulbring and Burn 1941, 
Feldberg 1945 and recently Eccles 1947) the effect of this 
substance and also that of adrenaline was tentatively studied. 
Preliminary observations indicated that ACh may reduce the 
positive, whereas adrenaline may reduce the negative phase of 
the cyclic ventral root potential. This question has been further 
analysed by Bernhard, Skoglund and Therman (1947). 


Discussion 

Certain reflections cannot be avoided when a comparison is 
made between our observations and the classical investigations on 
reflex activity. 

Usually one single stimulus does not evoke any contralateral 
extensor reflex provided that the initial tension in the extensor 
is low (Liddell and Sherrington 1923), whereas one shock 
easily elicits the ipsilateral flexor reflex (Eccles and Sher- 
rington 1931), for which the central delay has been recently 
determined by Lloyd (1943). The first dip in diagram II A 
(Pig. 9) indicates the ipsilateral flexor reflex in the foreleg (cf. 
Denny-Brown and Liddell 1928) and the first crest in II B 
indicates that facilitation of the contralateral extension (cf. Fig. 
6 A) occurs later and is less than that of ipsilateral fic.xion. 

Further, stimulation of a hind foot is followed by increased 
extensor rigidity of the ipsilateral foreleg and flexion at the 
elbow of the contralateral foreleg (SHERRINGTON 3898 b). The 
initial effect in the excitability cycle of the antagonistic systems 
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of the foreleg following stimulation of the sciatic nerve is re- 
presented by the first narrow crest in 1 A (Fig. 0) indicating 
ipsilateral extension and reciprocal flexor inhibition. The initial 
dip in I B, representing contralateral flexor facilitation and reci- 
procal extensor inhibition, is delayed and of less amplitude. 

There is a slight delay in the different phases of the excitability 
cycle on the contralateral side compared to that on the ipsilateral 
side (compare Fig. 4- A and 5 A). Except for this, the curves, 
representing the bilateral reciprocal excitability changes at the 
same spinal level, are fairly parallel regardless of whether an 
ipsilateral or a contralateral nerve has been stimulated (compare 
I A and B respectively II A and B in Fig. 9). Contrary to tliis, 
the different phases from the brachial level, following stimulation 
of a nerve of the foreleg, are opposite to those following stimu- 
lation of a nerve of the hind leg (compare I and II Fig. 9). 

In classical investigations on the crossed extensor reflex no cer- 
tain relationship between the rhythm of discharge in the muscle 
and the frequency of the stimulus could be found (Forbes and 
Cattelb 1924, Cooper and Adrian 1924, Adrian and Bronk 
1929, Denny-Bro'WN 1929). It should be ix>inted out that the 
typical grouping of activity, which we have found in the an- 
tagonists of the four legs, is dependent on a cyclic facilitation 
and inhibition of the motoneuron discharge maintained by myo- 
tatic excitation (see page 5). The rhythmical character of the 
excitability curves is not induced by proprioceptive volleys evoked 
by contraction in the muscles of the foreleg, since the stimulus 
strength is too low to give contractions in the muscles in 
question. Thus the cyclic changes of excitability must be centrally 
conditioned. In addition they may, however, be influenced by 
changes in the proprioceptive in-flow (see Fig. 7 and 8). It is 
interesting to note that an increase of inhibition induced from an 
antagonist is followed by an increased interval between the two 
first periods of facilitation. 

The classical investigations by Graham Brown on the rhythm- 
ical reciprocal activity (1—2 per sec.) which he demonstrated 
to be centrally conditioned (see e. g. 1912) should be mentioned i 
connection with the above experiments. Our observations are 
also of interest in connection with the problem of clonus j-. In 
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decerebrate cats this, ^activity of an alternately self-exciting and 
self-inhibitory mechanisms, (see Creed et. al. 1932), which can 
be evoked by tapping the tendon of an extensor has a rate of 
about 12 per sec. (see e.g. Viets 1920, Denny-Bro'W'N 1929). 
The assumption that the rhythmical property of intraspinal struc- 
tures may be of importance in the drive of clonus is favoured 
by similarity of the frequency of clonus and that of the spinal 
excitability changes (see Fig. 9). These changes are started by 
an afferent volley and are maintained by central processes. 

The main purpose for this investigation has been to determine 
the characteristics of cyclic reciprocal excitability changes in 
order to find a starting-point on which to base further studies 
on reciprocal innervation (Sherrington 1897, 1898 a). From the 
above observations and those previously described (Bernhard 
and Therman 194<7 c) two different questions became actual; 

1) possible correlation between different phases of the spinal 
cord potential and those of the cyclic reciprocal excitation; 

2) possible differences in the functional characteristics between 
flexor and extensor neurons. Both these problems have been 
attacked in preliminary experiments (see Bernhard and Ther- 
man 1947 a); the first has been further analysed by Bernhard 
(1947), and the second by Therman (personal communication). 


Summary 

1. A study has been made on the influence of sciatic and 
radial stimulation on the myotatically maintained rhythmical 
discharge of single units in antagonistic muscles (biceps and tri- 
ceps) of the two forelegs. 

2. It has been shown that a single stimulus applied to either 
one of the nerves evokes cyclic, reciprocal facilitation and in- 
hibition of the extensor and flexor motor activity. 

3. The cyclic changes of excitation are shown not to be gov- 
erned by proprioceptive, in-flow from the periphery. 

4. The curve for the periodic changes of excitation at the same 
spinal level are fairly parallel following contra- and ipsilateral 
stimulation. 
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5. An inhibitory influence evoked by increased proprioceptive 
in-flow from the antagonist produces a delay in the different 
phases of facilitation. The later phases are more susceptible than 
the earlier ones. 

6. Preliminary experiments on the correlation of cyclic reci- 
procal excitability changes and the features of slow spinal cord 
potentials arc reported. 


This work hns been supported by grants from llic Rochcfeller Foundation to 
the Nobel Institute for Neurophysiology niid from the Foujidntion »Thoresc ocb 
•lohan Anderssons Miiine*. 
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Slow Cord Poteniials of Opposite Sign 
correlated to Reciprocal Functions 

By C. G. BERNHARD 


Introduction 

The present paper deals with the correlation between the posi- 
tive and negative fractions of the ventral root potentials and 
the excitability changes in antagonistic reflex systems. It has 
been demonstrated (BERNHARD and Therman 194-7 b and c) that 
a single stimulus applied to either one of the sciatic nerves evokes 
cyclic reciprocal facilitation and inhibition of the extensor and 
flexor motor activity. Preliminary experiments on the correlation, 
of the cyclic changes of excitability and the features of the slow 
cord potentials recorded from the ventral roots were described. 
Interest was aroused by the tentative experiments to investigate 
the features of the slow cord potentials following stimulation of 
different nerves evoking reflex responses in antagonistic systems, 
and to test the antagonistic reflex activities during different 
phases of the slow potentials. 

The experiments to be described show that reflex discharges, 
following afferent volleys in different nerves, are associated with 
slow polyphasic ventral root potential changes built up of posi- 
tive and negative fractions, the degree of participation of each 
being dependent on the type of reflex activity, Further, the in- 
vestigations show that antagonistic reflexes behave differently 
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during the potential phases of opposite sign. Some of the results 
have been recently reported in a short note Bernhard and 
Therm AN lO^Ta). 


Methods 

Decerebrate cats were used in all experiments. The left ventral 
roots Lg, L_ and were cut peripherally and either one of the 
1 >^ or ventral root was placed on the recording electrodes (one 
electrode at the cut end and the other as near the cord as pos- 
sible). The electrical stimuli to the different nervms (left and right 
sural nerves, left gastrocnemius and deep fibular nerves) were 
obtained from a stimulator, -the shocks (0.3 — 0.5 msec, duration) 
being transmitted over transformers. The two first stages of the 
amplifier were direct coupled in push-pull and the last stages 
resistance-capacity coupled with a large time constant (2 sec.). 


Results 

1. Slow ventral root potentials following stimulation 
of tlie ipsilateral sural nerve. 

Stimulation of the sural nerve is followed by ipsilateral flexion 
(Sherrington 1910). It has been shown (Lloyd 1943 b) that 
the reflex discharge in the ventral root following stimulation of 
the lowest threshold fibres in the sural nerv'e has a central delay 
which indicates a multisynaptic transmission in the spinal cord 
(Lloyd’s Group II reflex). The reflex discharge is not well syn- 
chronised but may be scattered throughout several waves during 
the first 8 — 10 msec, (see Lloy^d 1943 b, Bernhard 1945). In the 
experiments to be described below the main interest has been to 
study the slow potential changes occurring during the period about 
100 msec. folloAving the initial reflex discharge; consequently slow 
sweep velocities have been used. Thus, the pictures do not give 
the details concerning the latency and form of the initial dis- 
charge which is of less interest in this connection. 
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pjg 1 , A— E, ventral root po- 
tentials (Lr) following stimula- 
tion of the ipsilateral sural 
nerve, from five different ex- 
periments. Time in 10 msec. 




The records in Fig. 1 show the slow potentials from the L. ven- 
tral root following stimulation of the ipsilateral sural nerve and 
are obtained from different experiments. Record 1 A shows the 
slow potential waves following the initial reflex discharge. As in 
the other records (except for 1 E) the picture is dominated by 
a prolonged negative wave, the maximum of which occurs at 
about 50 msec, after the beginning of the initial reflex discharge. 
This prolonged dominating negative wave is preceded by a slight 
positive dip the maximum of which occurs at about 15 msec. 
It must be emphasized that the amplitude of the different phases 
of the slow ventral root potential shows a considerable variation 
in different preparations. In records 1 A and C the positive 
overshooting below the base line is obvious. In record 1 B the 
potential fluctuation towards positivity does not cross the base 
line, whereas the negativity is well pronounced and of longer 
duration than in records 1 A and C. Record 1 D shows a posi- 
tive dip followed by an enormous negativity, the amplitude of 
which is about twice that of the reflex discharge. Finally, record 
1 E is from a preparation which did not give any visible slow 
potentials with the time characteristics described above. It may 
be pointed out that record 1 E was obtained from a preparation 
in good condition in which excellent reflex vollej'^s could be elicited 
(note the pronounced initial multisynaptic reflex discharge). 

Thus, the ability to develop the slow ventral root potentials 
described above varies considerably from case to case. It is 
obvious that the state of spinal excitation (dependent on the level 
of transection and the afferent in-flow) is of great importance. It 
is also clear that the factors which govern these slow potentials 
of long duration are independent of those which determine the 
capacity of the spinal cord to transmit reflex discharges evoked 
by synchronised afferent volleys (cf. records 1 D and E). In prep- 
arations with well pronounced slow potentials positivity as well 
as negativity is evident at a stimulus strength of 3 — 5 times the 
threshold value for the multisynaptic reflex. An increase of the 
stimulus strength above 10 times the threshold value does not 
evoke any further increase of the slow potentials. It has also been 
shown that the amplitude of the slow ventral root potentials is 
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greater the nearer the proximal electrode is to the spinal cord. 
It can further be stated that the picture is always dominated 
by slow negativity with a maximum at about 50 msec. (30 — 70 
msec.) and a duration of about 100 msec. (60 — 140 msec.). In 
cases with well pronounced slow potentials the amplitude of the 
negative wave is about O.i mV. The preceding dip towards 
positivity, the amplitude of which varies independently of the 
negativity, is maximal about 15 (12 — ^20) msec, after the be- 
ginning of the reflex discharge. It should be emphasized that the 
Sj, and usually the ventral roots are cut so that muscle 
contractions in the hind leg are prevented. 


2. Excitability changes following multisynaptic activity 
elicited from the ipsilateral sural nerve. 

Stimulation of the afferent fibres of lowest threshold in the 
gastrocnemius nerves is followed by a well synchronised reflex 
potential in the ventral root. The short central delay of the ven- 
tral root discharge indicates that the reflex is mediated through 
a monosynaptic reflex arc (Group I reflex, LiiOYD 1943 a and b). 
This discharge reflects into the muscle, the large afferents of which 
are stimulated (Lloyd 1943 b and c). Consequently the reflex 
spike represents activity in the extensor motoneurons. 

Records in Fig. 2 show the excitability changes of the mono- 
Bynapiic extensor rejlex preceded by a multisynaptic flexor reflex. 
The interval between the conditioning chock applied to the sural 
nerve and the test shock applied to the gastrocnemius nerves 
increases downwards in the series of records (2 A — IC). Record 
2 L shows the magnitude of the monosynaptic extensor reflex 
following the unconditioned test shock. In 2 A the monosynaptic 
test response occurs during the decrement of the multisynaptic 
discharge. When the interval between the conditioning shock and 
the test shock is increased the monosynaptic response is first in- 
hibited (2 B and C; interval 10 and 15 msec, respectively). At 
greater intervals it becomes larger (2 D) and at still greater inter- 
vals (2 E — F) the amplitude of the monosynaptic response is 
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B 



Fig. 2. A — ^K, condilioning of a 
mcmosynaplic reflex (evoked from 
the gastrocnemius nerves) by a pre- 
ceding mullisynaplic response 
(evoked from the ipsiiateral sural 
nerve). Time interval between the 
conditioning response and test re- 
sponse increase downwards in the 
series. L, unconditioned test re- 
sponse. Time in 10 msec. 
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much higher than that of the unconditioned response (cf. 2 L). 
When the interval is further increased the amplitude is reduced 
(2 H — ^K), Thus, the multisynaptic reflex evoked from the sural 
nerve is followed by slow intraspinal processes the different phases 
of which have different influences on the excitability of the 
monosynaptic extensor reflex. During the phase following 10 — 20 
msec, after the multisynaptie response the monosynaptic extensor 
reflex is reduced. During the second phase the monosynaptic 
extensor reflex is increased, the facilitation being most pronounced 
about 50 msec, after the multisynaptic discharge. 

Figs. 3 A — C and 4< A and B show the correlation between the 
different phases of the slow ventral root potential following stim- 
ulation of the sural nerve and the excitability changes in the 
monosynaptic extensor reflex preceded by a multisynaptic reflex 
elicited from the sural nerve. In diagrams 3 A and 4 A the ventral 
root potential is given in per cent of the amplitude of the initial 
multisynaptic response. In diagrams 3 B — C and 4 B the ampli- 
tude of the conditioned test response is plotted (in per cent of 
the unconditioned response) against the interval between the 
conditioning response and the test response. The diagrams show 
that the inhibition of the monosynaptic extensor-reflex corre- 
sponds to the dip towards positivity following the multisynaptic 
reflex (3 and 4 A); whereas the following facilitation of the mono- 
synaptic response corresponds fairly well to the long-lasting nega- 
tive potential wave. 

In the experiments illustrated in 3 B and 4 B the monosynaptic 
test reflex has been kept near the threshold. The two diagrams 
demonstrate the variation of the facilitation corresponding to the 
late negative phase (about 200 per cent in 3 B and about 1 000 
in 4 B). A systematic correlation between the amplitude of the 
negative wave and the magnitude of facilitation in different 
experiments has not been made. It is obvious, however, that it is 
impossible to obtain any excitability changes of the kind dem- 
onstrated above in those cases where stimulation of the sural 
nerve is not followed by slow ventral root potentials despite a 
pronounced reflex discharge (see Fig. 1 E). 

In diagram 3 C the amplitude of the monosynaptic test dis- 
charge was about 25 times that in diagram 3 B owing to a 
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Fig. 3. A, ventral root potential (Si) following stimulation of the ipsilaleral sural 
nerve, plotted in per cent of the amplitude of the reflex discharge. B — C, influence 
of a preceding multisynaptic reflex (same ns in A) on a following monosynaptic 
rcfJe.x (evoked from the gastrocnemius nerves). Amplitude of monosynaptic re- 
sponse in per cent of unconditioned response plotted against inten’als between 
the conditioning response and test response, the latter being slight supraliminal in 
B and slight submaximal in- C. 
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stronger stimulus to the gastrocnemius nerves. The inhibition cor- 
responding to the positive dip is well pronounced. As is to be 
excepted the late facilitation, cannot assert itself to the same 
extent as in diagram 3 B and 4 B, based on test effects of lower 
amplitude. 

A monosynaptic jlexor reflex (Lloyd 1946 a and b) has also 
been tested during the period of 100 msec, following after the 
multisynaptic reflex evoked from the sural nerve. In these experi- 
ments the test shock, applied to the deep fibular nerve, was kept 
just above the threshold for the monosynaptic response. It should, 
however, be pointed out that the monosynaptic flexor reflex is 
often difficult to obtain in decerebrate preparations with pro- 
nounced extensor rigidity. Diagram 4 C is from the same experiment 
as 4 A and B and shows the behaviour of the monosynaptic flexor 
reflex at different intervals following the multisynaptic reflex. 
Since the strength of the conditioning stimulus applied to the sural 
nerve was the same as in diagram 4 B a comparison of the three 
diagrams can be made. Diagram 4 C shows that the monosynaptic 
flexor reflex is facilitated within the period corresponding to the 
positive dip of the ventral root potential (4 A), t. n. the period 
during which the monosynaptic extensor reflex is inhibited (4 B). 
During the late phase of slow negativity (characterised by facilita- 
tion of the monosynaptic extensor reflex) any influence on the 
monosynaptic flexor reflex could not be found. The facilitation 
of the monosynaptic flexor response within the period 10 — 20 
msec, after the multisynaptic response varies considerably de- 
pending on the state of excitation in different preparations, 
strength of stimulus etc. In some experiments it was found to 
be about 700 per cent. 

Finally, the influence of a preceding multisynaptic reflex 
elicited from the sural nerve on the reflex evoked from the same 
nerve was studied. Fig. 5 shows the ventral root potential (L-) 
following stimulation of the sural nerve (VP; in per cent of 
maximal reflex discharge), the changes of the multisynaptic reflex 
discharge evoked from the same nerve (open circles) and the 
changes of excitability in the monosynaptic extensor reflex (filled 
circles) during a period of 100 msec, following the conditioning 
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1 

Fig. 5. VP, ventral root potential (h?) folhw'mg stimulation of the ipsilateral 
sural nerve. Facilitation and inhibition of n monosynaptic reflex elicited from llie 
gastrocnemius nerves (filled circles) and of a mullisynnplic reflex response elicited 
from the sural nerve (open circles) during the different phases of the slov? ventral 
root potential following stimulation of the sural nerve. • 


sural stimulus. The excitability curve for the monosynaptic 
extensor response has the same course as was demonstrated in 
Figs. 3 and 4 with a period of inhibition corresponding to the 
positive dip of the ventral root potential and a period of facili- 
tation during the late slow negativity On the contrary the facili- 
ation of the multisynaptio reflex evoked from the sUral nerve 
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coincides with the positive dip of the slow ventral root potential 
and there is an insignificant inhibition during the late negative 
phase. 


3. Slow ventral root potentials and excitability changes 
following stimulation of the contralateral 
sural nerve. 

The slow ventral root potential (from or S^) is still more 
variable following stimulation of the contralateral sural nerve. It 
must be kept in mind that a single crossed stimulus often is 
subliminal but may become liminal if the central excitation is 
raised, a fact which is known from classical investigations. Thus, 
an extensor reflex may be evoked by a single crossed stimulus 
when the proprioceptive in-flow is augmented by increasing the 
initial tension in the extensor muscle (see Creed et al. 1932). 
Further, the level of transection is of great importance since the 
reflex action is to a great extent dependent on influences from 
supraspinal levels. When the motoneurons are subjected to a suffi- 
cient background excitation — of central and peripheral origin — 
a multisynaptically transmitted reflex response can be led off 
from the ventral root (L^) following stimulation of the contralat- 
eral sural nerve. In these cases the crossed reflex response is 
usually followed by a slow ventral root potential the features of 
which are illustrated in Fig. 6. The asynchronous discharge of 
low amplitude is followed by a dominating positivity with a 
maximum 30 — 40 msec, after the .beginning of the discharge 
(amplitude about O.ot m V). On the slope towards positivity there 
is a crest of negativity with a maximum 10 — ^20 msec, after tlie 
beginning of the reflex discharge. After about 70 msec, the po- 
tential usually becomes negative again. 

The excitability of the Tnonosynaptic extensor reflex has been 
studied during the period corresponding to these slow potential 
changes. Thus, the conditioning shock was applied to the sural 
nerve on one side, and the test shock was delivered to the 
gastrocnemius nerv^es on the other side. The reflex activity was 
led off from the ventral root on the same side as that of the 
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test stimulus. Diagram 7 B shows the excitability curve for the 
monosynaptic extensor reflex from such an experiment. The 
amplitude of the monosynaptic spike in per cent of unconditioned 
test spike is plotted against the interval between the crossed 
reflex discharge and the test spike. The excitability cycle begins 
with facilitation of the monosynaptic extensor reflex. This is, how- 
ever, broken down by an inhibitory process, which brings the 
curve below 100 per cent. The inhibitory action is maximal 30—40 
msec, after the conditioning crossed reflex response (70 — 80 per 
cent). After the dip the facilitation again becomes predominant 
being maximal (180 per cent) about 70 msec, after the condition- 
ing reflex response. 

The crest indicating a slight facilitation (at 10 — 20 msec.) cor- 
res|>onds to the negative wave on the slope towards positivity 
of the slow ventral root potential following the conditioning reflex 
discharge (in Fig. 7 A) and the period of inhibition in 7 B cor- 
responds fairly well to the positive dip in 7 A, the lowest point 
of the curve in both cases occurring between 30 and 4D msec. 
The following increase of excitation corresponds to the rising 
phase of the slow ventral root potential (from 35 — 70 msec.). 

In many preparations the contralateral reflex to one single 
shock may be impossible to elicit, the background excitation being 
too weak. Fig. 8 A shows the features of the ventral root potential 
(L^) following stimulation of the contralateral sural nerve which 
failed to elicit any reflex discharge. The central events following 
the contralateral afferent volley is accompanied by an insigni- 
ficant positive dip succeeded by a long-lasting negative wave. 

The monosynaftic extensor reflex w'as tested during the differ- 
ent phases of the slow potential following the contralateral con- 
ditioning stimulus. (Fig. 8 B). A period of inhibition is followed 
by a long-lgsting period of facilitation which coincides with the 
small negative wave in 8 A; both being maximal about 4-0 msec, 
after the application of the conditioning stimulus. In this case 
a mulUsynaptic reflex following stimulation of the sural nerve 
(ipsilateral flexor reflex) was also tested, the conditioning 
stimulus to the contralateral sural nerve being the same as in 
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Fig. 8. A. fcnliirc.'! of vcnlrnl rool imlcitJinl following nn itfforrnt volley in the 
eonlralftleral surnl nerve wliirh iloos uol evoke, any reflex ilh-rhnrge. 

B — C, cxcitahilily dianpef of Uic monosynnplic rcs^wnw evnUeel from the gaKUtK*- 
nemius nerves (B) nntl on the mnUisynnplic flexor response evokeel from t\\e surnl 
nerve (C) during the different phnsrs of the Mow polentinl following the r-ontm- 
lateml stimulus (Same ns in A). 


8 B. Fig. 8 C shows tlml the cxcilnbilily curve for the mtilli- 
synaptic ipsiiatcral flexor reflex has an enlirdy difTcrent coiir.se. 
It is characterised by a period of facilitation eorresponding to Uic 
inhibition of the monosynaptic extensor reflex and the insignif- 
icant positive dip of the ventral root potential. 
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4. Slow ventral root potentials and excitability changes 
following stimulation of the ipsilateral 
gastrocnemius nerves. 

As already mentioned stimulation of the low threshold afferent 
fibres of the gastrocnemius nerves evokes a monosynaptically 
transmitted reflex discharge in the ventral root. The mono- 
synaptic reflex response following stimulation of the muscle affer- 
ents of lowest threshold is not followed by any measurable slow 
ventral root potential. When, however, the stimulus strength is 
increased the monosynaptic spike in the ventral root is followed 
by a short negativity succeeded by a slight long-lasting positive 
potential which is illustrated in Fig. 9. The monosynaptic reflex 
spike which cannot be seen in the records reaches far above each 
picture. The following decrement of the negativity is clearly 
visible as well as the smooth long-lasting positive wave, which 
is best developed in record 9 A and has a duration of about 100 
msec. (70 — 120 msec.). The slow positive wave usually becomes 

A 
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Fig. 9. Slow ventral root potential (Sj) following stimulation of the ipsilateral 
gastrocnemius nerves. A and B from two different experiments. Time in 10 msec. 
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Fig. 10. A, slow ventral root potential in Si, following stimulation of the ipsilaleral 
gastrocnemius nerves (in per cent of monosynaptic spike amplitude), 

B, excitability changes following a monosynaptic reflex response; both conditioning 
(thick line) and test responses (thin lines) elicited from the gastrocnemius nerves. 
Unconditioned test response to the right in B (100 %). 


visible when the strength of the stimulus applied to the gastroc- 
nemius nerves reaches a value about 10 times the threshold value 
for the monosynaptic response. The amplitude is much less than 
for the slow potentials following stimulation of the sural nerve. 
Usually it amounts to about 3—10 % of the monosynaptic 
reflex spike i. c. 20 — 40 microvolts only. Like the slow potentials 
following a sural volley the magnitude of the slow positive wave 
following stimulation of the gastrocnemius nerves varies in rela- 
tion to the reflex spike in different preparations. When the stim- 
ulus strength to the gastrocnemius nerves’ is further increased 
the shape of the slow ventral root potential does not change i. e. 
any late negativity- similar to that following stimulation of the 
sural nerve never occurs. 
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Fig. 10 A shows the slow ventral root potential following a 
monosynaptic reflex response (the initial phase is indicated in 
the diagram) evoked by stimulation of the gastrocnemius nerves. 
In diagram 10 B the excitability changes in the same monosynaptic 
arc are illustrated, the conditioning as well as the testing shocks 
being applied to the gastrocnemius nerves. The average value for 
the unconditioned test effect is to be found to the right in Fig. 10 B. 
As can be observed the stimulus strength of the conditioning and 
testing shocks was the same giving spikes of similar magnitude. 
The diagram shows the reduction of the second monosynaptic 
response (indicated by thin vertical lines) during a period 
approximately corresponding to the duration of the positive ven- 
tral root potential in Fig. 10 A. The test effect is completely 
abolished during the time interval 7 — 22 msec, after the condition- 
ing discharge. The same excitability curve was obtained when the 
conditioning shock was applied to one and the test shock to the 
other of the nerves to the gastrocnemius muscle. 


Discussion 

An analysis of the slow potentials in the spinal cord were first 
made in the classical paper by Gasser and Graham (1933). On 
the basis of these and later investigations (Hughes and Gasser 
1934 a and b; Hughes, McCouch and Stewart 1937) the slow 
negative and positive potentials, led off from the surface of the 
cord, following afferent stimulation were referred to internuncial 
neurons (see also McCoucas et al. 1941, 1943). 

Slow negative potentials in the dorsal roots of the spinal cord 
were first observed by Gotch and Horsley (1891). Later many 
investigations have been performed on the cord potentials using 
ventral or dorsal roots as leads (Umrath 1933, Umrath and 
Umrath 1934, Barron and Matthews 1936 a and b, 1938 a 
and b, Bonnet and Bremer 1938 a and b, Fessard and 
Matthews 1939, Dun 1941, 1942, Bremer et al. 1942, Dun 
and Feng 1944, Eccles 1946, Eccles and Malcolm 1946). 
Using Lloyd’s technique (1943 a and b) for the production of 
a monosynaptic reflex discharge Eccles (1946) investigated the 
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initial catelectrotonic ventral root potential (frogs and cats), 
evoked Ayithout complications produced by- internuncial activity. 
This initial ventral root negativity which may be regarded as a 
fraction' of the negativity evoked by stimulation of different 
nerves or dorsal roots (Barron and Matthews 1938 a) is 
referred by Eccles to the motoneurons and regarded by him as an 
impulse generating potential (the synaptic potential) homologus 
to the similar potential at the sympathetic ganglion synapses 
(Eccles 1944-) and at the endplatc (Eccles, Katz and -KuFFLER 
1941). 

The slow ventral root p>ositivity observed (in frogs) by Umrath 
(1933) has been questioned (Barron and Matthews 1938). 
Eccles, however, described a slight »after-positivity» in the 
ventral roots (in cats) following the synaptic potential in the 
monosynaptic reflex arc which begins 10 — 15 msec, after stimu- 
lation of the afferent nerve (1946). 

In the present paper it has been shown that, dependent on 
the central state of excitation, the reflex response following stimu- 
lation of different nerves in decerebrate cats is accompanied 
by polyphasic ventral root potentials characterised by negative 
as well as positive phases. The investigations deal with the slow 
potential changes occurring about 10 msec, after the reflex 
discharge and displaying their action during 100 msec. Inter- 
neuron activity is not excluded since exteroceptive nerves (sural 
nerves) have been stimulated and relatively strong stimuli to the 
muscle afferents have been used. The principle objective was, 
however, to investigate wether or not activity in antagonistic 
reflex systems is accompanied by slow potential changes of dif- 
ferent shape in the ventral roots, and to find a correlation be- 
tween the excitability changes in the antagonistic reflex systems 
and the different phases of the slow potentials. Obviously afferent 
volleys giving reflex discharges in the ventral roots evoke intra- 
spinal processes for which the negative and positive fractions of 
the slow potentials in the ventral roots are significant express- 
ions. The above experiments, indicate that, when afferent stimuli 
evoking flexor reflex responses are used (Fig. 1, 3, 4, 5), the nega- 
tive fraction is dominant, while stimuli evoking extensor reflex 
activity are associated with dominant positivity (Fig. 6, 7, 9 and 
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10). The slow potentials are not to be regarded as after-poten- 
tials in the extraspinal part of the motoneurons, since they 
diminish with increasing distance from the spinal cord and may 
occur without preceding impulse discharge (Fig. 8). Their origin 
may be of pre-synaptic order (e. g. interneurons; cf. Gasser and 
Graham 1933, Hughes and Gasser 1934- a and b concerning 
slow potentials of similar time constants recorded from the surface 
of the cord) or they may be produced in the different intraspinal 
structures of the motoneurons (cell bodies or dendrites). In any 
case the facts regarding antagonistic reflex responses and poten- 
tial sign may indicate differences in the organisation of the intra- 
spinal motoneuron structures of the antagonistic systems includ- 
ing their specific orientation to each other and their relationship 
to the presynaptic elements. Further, it has been shown that the 
antagonistic reflexes behave differently during the periods of 
negativity and positivity. It should be emphasized, that flexor 
and extensor systems are selectively activated when artificial 
stimuli of opposite direction are applied to the cat’s spinal cord 
(Skoglund 194'6, 194^). It is possible that both observations 
indicate a different organisation of the intraspinal structures of 
the antagonistic motoneurons. Experiments for the elucidation 
of this question are extremely necessary and in fact such investi- 
gations have already been started. A preliminary report (AstroM 
194'7) gives some indication that there may be a different orienta- 
tion of the motoneurons belonging to antagonistic systems. 

In this connection an interesting statement made by Cajal 
(1909) is very suggestive. On the basis of histological observa- 
tions Cajal stressed that, in reflex arcs which serve the mono- 
synaptic impulse transmission the dorsal collaterals terminate 
on the cell-bodies of the motoneurons, while in reflex arcs medi- 
ating multisynaptic reflexes, the intervening interneurons termi- 
nate on the huge dendritic branchery of the motoneurons. It 
should be pointed out that those reflex responses which are trans- 
mitted in reflex arcs belonging to the latter group are associated 
with pronounced slow potentials (see Figs. 1 and 0). Thus there 
is a possibility that the engagement of the rich motoneuron den- 
dritic network gives rise to the large slow potentials. If the in- 
traspinal structures of the motoneurons are the origin for the 
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slow potential changes then the role played by the dendrites 
must be important. The slow potential changes demonstrated 
above may then be compared with the Rg deflections i. e. changes 
of the L fraction of the membrane potential (Lorente de No 
1947). There are many indications in support of the above assump- 
tions Avhich will be discussed in connection with later investiga- 
tions. At present mention will only be made of the fact that 
the spread along the motoneurons is characteristic for the L frac- 
tion changes and that 3>any change in the value of the L fraction 
causes a change in the excitability of the nerve fibres* (Lorente 
DE No 1946). 

Finally, it should also be kept in mind that there seems- to 
be differences in the characteristics of flexor and extensor moto- 
neurons (Bernhard and Therman 1947; Therman, personal 
communication). 


Summary 

1. In experiments on decerebrate cats records have been made 
of the slow ventral root potentials (from and Sj) following 
stimulation of different afferent nerves. Monosynaptic and multi- 
synaptic (extensor and flexor) reflexes have been tested during 
different phases of the slow potential changes. 

2. It has been shown that the reflex response following stimula- 
tion of different nerves of the hind legs may be accompanied by 
polyphasic slow ventral root potentials which are decrementally 
transmitted along the roots. The amplitudes of the positive and 
negative fractions contributing to the polyphasic potential depend 
on the source of the afferent volley. The different fractions show 
considerable variations due to differences in the general state of 
central excitation for which the transection level and intensity 
of proprioceptive in-flow is of great importance. The develop- 
ment of the slow potentials is independent of the ability of the 
spinal cord to transmit reflex responses evoked by synchronised 
afferent volleys. 

The following observations apply to experiments in which well 
pronounced slow potentials were obtained. 
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3. a. The multisynaptic reflex response (L^ and ventral root) 
following stimulation of the ipsilateral sural nerve (ipsilateral 
flexor reflex discharge) is always followed by a dominant slow- 
negative wave (maximum about 50 msec, after the reflex dis- 
charge; duration about 100 msec.). The slow negativity is gener- 
ally preceded by a positive dip (maximum 15 — 20 msec, after 
the reflex response) which separates the initial negative decre- 
ment from the late negative wave. 

b. The slow ventral root potential (L^ and S^) following stimula- 
tion of the contralateral sural nerve depends on whether a reflex 
discharge is evoked or not. If a reflex discharge (contralateral 
extensor reflex) is evoked it is generally followed by a dominant 
positive wave of long duration (70 — 100 msec.). A slight nega- 
tive crest may occur 10 — ^20 msec, after the reflex response. (If 
reflex response does not occur the contralateral effect may only 
be a long negative wave preceded by an insignificant positive dip). 

c. The maximal monosynaptic reflex spike following stimula- 
tion of the ipsilateraL gastrocnemius nerves (monosynaptic 
extensor reflex) is accompanied by a dominant slight positivity 
(duration about 100 msec.). An increase of the stimulus strength 
never evokes any late negative wave. 

Thus, afferent volleys (ipsilateral sural nerve) evoking multi- 
synaptically transmitted reflex responses in the flexor moto- 
neurons are accompanied by a dominant negativity, while affer- 
ent volleys (contralateral sural nerve and ipsilateral gastrocnemius 
nerve) eliciting multi- and monosynaptically transmitted activity 
in the extensor motoneurons are accompanied by a dominant 
positivity. 

4. Characteristic changes in reflex excitability are demonstrated 
during the different phases of the slow ventral root potentials. 

The monosynaptic reflex discharge (in Sj ventral root) follow-- 
ing stimulation of the gastrocnemius nerves (monosynaptic exten- 
sor reflex) is always facilitated during periods when the negative 
fraction of the polyphasic potential is dominant and is inhibited 
during periods characterised by dominant positivity'. 

The monosynaptic reflex response following stimulation of the 
deep fibular nerve (monosynaptic flexor response) and the multi- 
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synaptic response to stimulation of the sural nerve (ipsilateral 
flexor reflex) are facilitated during the positive dip preceding 
the long negative wave whereas they are scarcely influenced dur- 
ing the period of late negativity. 

Thus excitability changes occuring during the different phases 
of the slow potentials have different influences on the extensor 
and flexor reflex activity. 

This work has been supported by a ?ranl from the Foundation .Tlierese och 
Johan Anderssons Minne». 
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Slow Positive and Negative Ventral Root Potentials 
accompanying Extension and Flexion evoked 
by a Medullary Stimulation 

By C. G. BERNHARD and C. R. SKOGLUND 


Introduction 

Slow potentials from the spinal cord have, hitherto, only been 
studied in reflex activity (Gotch and Horsley 1891; Gasser 
and Graham 1933; Hughes and Gasser 1934; Umrath 1933; 
Umrath and Umrath 1934; Hughes, McCouch and Stewart 
1936; Barron and Matthews 1938; Bremer, Bonnet and 
Moldaver 1942; Bremer and Bonnet 1942; Eccles 1946). 
Earlier papers by BernhArd and Therman (1947 a) and Bern- 
hard (1947) have shown how flexor reflexes are followed by the 
development of slow, ventral root potentials with a dominantly ne- 
gative phase, and extensor reflexes by similar dominantly positive 
potentials. These results have been discussed (Bernhard 1947), 
chiefly in connection with the work of Gasser and GrahAM. 

It is apparent however from Bernhard’s work that by affer- 
ent stimulation both slow negative and slow positive potentials 
are involved and that it is difficult to separate these slow compo- 
nents by using afferent stimulation. However, Skoglund (1946, 
1947) found that, in the cat, pure flexion or pure extension of 
the hind limb can be elicited, by direct current stimulation of the 
descending motor tracts in the medulla, the response vary- 
ing according to the locus and the sign of the stimulus. It 
seemed, therefore, of interest to study the slow potentials deve- 
loped in the cord as a result of this method of stimulation. In 


1 


this paper we shall show that flexion of the hind limb is followed 
by the appearence of a pure negative slow ventral root potential, 
and extension, by a pure positive potential. It is thus possible 
to demonstrate that antagonistic reactions evoked from the central 
structures are associated with opposite electrical potentials in 
the ventral root. 

Methods 

Decerebrate cats, in which the pyramids in the medulla 
oblongata had been freed from the base of the skull, were used. 
As stimulating electrode was used the free point of an enamelled 
needle applied at various points in the medulla. The stimulus 
was monopolar and delivered from a stimulator designed to give 
shacks of durations varying from O.i to 50 msec., the discharges 
being taken over transformers which did not change the form 
of the shocks. After lumbar laminectomy, one of the roots, either 
L„, Lj or Sj, was cut peripherally, and the recording electrodes 
placed so that one was as near the cord as possible without injury 
and the other on the cut end of the root. The root potentials 
were recorded by means of a four stage amplifier, the first two 
stages of which were direct coupled in push-pull and the last 
two resistance-capacity coupled with a long time constant (1 sec.). 
During the experiment the animal was suspended, in moist 
atmosphere in a screened box, by clamps fastened to the head 
and the spinal processes. The legs were left free to permit move- 
ment. 


Results 

Composite ventral root potentials in the non- 
deafferented animal. 

The character and localisation of the resultant limb move- 
ments depend to some extent on the position of the stimulating 
electrode in the medulla. Stimulation of the descending tracts 
often produces mixed movements, in which extension and flexion 
play their part, as also abduction and adduction (cf. Skoglund 

1947). 
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Fig. 1. Ventral root potentials from L? (left side) produced by stimulation of tlie 
descending tracts in the medulla oblongata. Dorsal roots intact. 

Time: 10 msec. 


Figure 1 shows the record of a typical potential developed in 
Jj^ on the left side when the stimulus evoked a mixed movement 
of the left hind leg. It will be seen that the initial discharge 
(latency 7 — 8 msec.) is followed by a slow polyphasic potential. 
Two obvious positive waves (downward displacement) with their 
maxima 20 and 100 msec, after the stimulus, are separated by 
a negative wave with its maximum at 50 — 60 msec. The poly- 
phasic character of the discharge is probably due to the activation 
of both positive and negative processes with different time cha- 
racteristics. Since this particular experiment was made on an 
animal in which the dorsal roots were intact, the mixed reaction 
may well be due partly to an in-flow of proprioceptive impulse.s 
from the contracting muscles (cf. Bernhard lO^*?). 

Figure 1 thus demonstrates that slow root potentials of both 
signs may follow stimulation of the descending tracts in the 
medulla. 

Isolation of pure negative and pure positive . ventral 
root potentials. 

We were able to separate the negative ventral root potentials 
from the positive by stimulating the medulla in such a Avay that 
pure extensor or pure flexor movements could be produced. In 
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Fig. 2. Variations in the slow ventral root potentials (L-j) caused by lengthwise 
polarisation of the cord. Time in 100 msec. Full description in text. 
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Fig. 3. Venlrnl root potentials from Lr (left side). Medullary stimulus. Lumbo- 
sacral dorsal roots cut. A. Supra-thrcsliold stimulation causing extension of left 
hind leg. B. Sub-threshold stimulus. Time; 10 and 50 mse<!. 


these experiments lumbosacral deafferentation (by dividing the 
sensory roots) was performed in order to exclude the effect of 
returning proprioceptive impulses. The application of long-dura- 
tion or repetitive stimuli favoured the production of these cord 
potentials. 

The records in Figure 2 were obtained from the ventral root 
as a result of a stimulus to a point in the medulla from whicJi 
pure flexion of the ipsilateral hind leg could he obtained with 
weak stimuli. In record A the initial discharge (latency 8 — 9 
msec.) is followed by a pure negative wave of about 60 msec, 
duration. Record B is taken at too low stimulus strength to 
evoke an initial impulse discharge; only the slow negative wave 
is present. Record C, from another experiment, shows a similar 
development of negativity in S^. The stimulus used to produce 
this record was also too weak to elicit any muscular reaction but 
stronger stimuli produced flexion. For this reason there is no 
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initial discharge and the record shows only a negative wave last- 
ing 60 — ^70 msec. 

Potentials from the same ventral root elicited by stimuli giving 
extension are shown in Figure 3. In record A the initial discharge 
is followed by a large, slow positive wave lasting for about 100 
msec., while record B, made at a lower stimulus shows the posi- 
tive wave only without any initial discharge. It can thus be 
shown that there develops in the ventral root, 1) a pure slow 
wave of negativity as a result of stimulation of the descending 
tracts in the medulla evoking flexion; 2) a pure wave of positivity 
as a result of stimulation evoking extension. These high amplitude 
potentials can be obtained without any previous impulse dis- 
charge in the motor neurones. 


Variation of the strength and form of the stimulus. 

The records shown in Figure 4 demonstrate the way in which 
both the initial discharge and the magnitude of the slow potential 
increase as the stimulus strength is increased (from A — ^D). The 
great amplitude of the slow potential, in this case positive, in 
relation to the size of the initial discharge is especially striking. 

The duration of stimulus is another decisive factor in determin- 
ing the amplitude of the slow potential. 

In Figure 5, record A was obtained with a medullary shock of 
0.5 msec, duration and it will be seen that, there was an initial 
discharge without any measurable slow potential. When, however, 
the same stimulus was continued for 20 msec, a large, slow posi- 
tive potential appeared (record B). Exactly the same result was 
obtained with stimulation of the medulla causing flexion; the size 
of the resultant negative potential recorded from the ventral root 
increased with increased duration of the stimulus. 

We also tried the effect of repetitive stimulation with short 
shocks and found that both positive and negative root potentials 
may be built up also by this method. 

Figure 6 shows the production of a slow negative potential 
as the result of a series of short negative stimuli evoking flexion. 
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Fig. 5. Effect on the ventral root potentials of increasing tlie duration of the 
medullar stimulus. Conditions ns in Figure 3. A. Stimulus duration: 0.5 msec. 
B. Stimulus duration; 50 msec. Time: 10 msec. 


We tlius found that the application of either long duration or 
repetitive stimuli favours the building up of slow potentials in 
the ventral roots. 

In order to obtain these slow potentials it is important that 
the preparation should be in good condition. It is, further dif- 
ficult to evoke flexion or extension in the hind leg when the 
sensorj* roots arc divided, since this operation involves a general 
decrease in excitability, mainly due to the elimination of the 
afferent in-flow. In such preparations it may sometimes be 
necessary to use quite strong stimuli to the medulla in order to 
produce any contraction in the leg muscles and the resultant 
movements are often mixed (cf. Skoglitxd All the experi- 
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Fig, 6. Production of ventral root potentials by repetitive stimulation in the 
medulla. Conditions ns Figure 2. 
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Fig. 7. Rhythmic ventral root activity following .subtlireshold medullary stimula- 
tion. Conditions as in Figure 3. Time: 100 msec. 

merits illustrated, however, were made on animals from which pure 
reaction could be obtained with weak stimuli. Records from 
deafferented animals in good condition often show a rhythmical 
ventral root response to a single medullary stimulus. Such a 
rhythmical ventral root activity was obtained in the experiment 
illustrated in Figure 7, in which the stimulus strength is -too low 
to elicit muscular contraction. When the intensity of themedullary 
stimulation was increased an extension ryas produced. In this 
case the series of potential changes begins with a positive wave. 



Discussion 


It has been shown that the slow positive and negative ventral 
root potentials which can be evoked by stimulation of the 
descending tracts in the medulla may occur without any previous 
discharge in these roots (Figures 2 B, C and 3 B). In consequence, 
they cannot be after-potentials in ventral root fibres and their 
local of production must, therefore, be intraspinal. Whether they 
are produced in the ventral horn cells and specially in their 
extensive dendritic network or arise in the prcsynaptic neurons 
(interneurons and terminals of descending tracts) must be left 
for future analysis. 

Gasser and co-workers in classical investigations (Gasser and 
Graham 1933; Hughes and Gasser 1934), have recorded both 
positive and negative slow potentials from the cord following 
afferent stimulation. They suggested thgt these potentials arise 
from the intermediate structures. Later workers have either 
questioned (Barron and IVIatthews 1938) or shown less interest 
(Eccles 1946) in the positive potentials of the ventral roots, but 
it has since been demonstrated (Bernhard and Therman 1947 a; 
Bernhard 1947) that such potentials do follow afferent stimula- 
tion. In addition, reflex extension is characterised by a dominance 
of positivity and reflex flexion by a dominance of negativity. It 
is, however, difficult when working with afferent stimulation to 
separate the positive and negative components of the slow cord 
potentials. If. on the other hand, the descending tracts of the 
medulla are stimulated it is often possible to obtain pure nega- 
tive or pure positive potentials accompanied by flexion or exten- 
sion. This experimental production of a pure positive potential 
in the ventral root is of particular interest, since the existence 
of ventral root positivity has been questioned. Our most import- 
ant finding, however, is the association of root negativity with 
flexion and root positivity with extension. 

This is not the place to go into the question of the connection 
between the slow potentials and the discharge of impulses from 
tJie roots, but it is possible to demonstrate definite time rela- 
tions betw'ccn the two phenomena. Further discussion of this 
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point is unlikely to be truilW until wc know more nboul the 

distribution of the potential fields .on the sp.nnl cord. 

It is interesting to note that the slow rhythmm ventral root 
potentials (evoked by a single medullary shock. F.^re 7) have 
the same time characteristics as the alternating periods of facililn- 
tion and inhibition of the evtensor and flexor motoneurons 
(following a single afferent shock) studied by Beenhmid and 
Therman (194)7 b). 

The reason why during flexion and extension slow potentials 
of opposite sign could be recorded from one and the same ventral 
root may be that tlic loci of generation of the potentials arc 
differently orientated. This would then be a valuable indication 
that the origin of reciprocity in antagonistic systems may be 
found in a definite geometric orientation of tlieir motor neurones. 
On the other hand the results could also indicate different mem- 
brane characteristics of the neurones of the two systems. 


Summary 


1. Local monopolar stimulation of the descending tracts in the 
medulla evoke slow negative as well as slow positive potcntitds 
which can be recorded from the lumbosacral ventral roots. These 
slow potentials, affected by the proprioceptive in-flow from the 
muscles, can be evoked also after lumbosacral deafferentation. 


2. Medullary stimulation evoking flexion is followed by a pure 
ventral root negativity while that evoking extension is followed 
by slow ventral root positivity. 


3. Prolonged or repetitive stimuli, favour the production of 
pure slow ventral root potentials of both signs. 

4-. Slow potentials of high amplitude may be obtained without 
a previous impulse discharge. 


5. The deafferented animal inclines to a special type of slow 
rhythmic petenWal activity with a frequency of C-8 per second 
following medullary stimulation. 
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Studies of the Potential Level in the Ventral Root 
under Varying Conditions 

By C. G. BERNHARD, C. R. SKOGLHND and P. 0 . THERMAN 


Introduction 

The recording of steady potentials from various ner\'e struct- 
ures has been, described' several times (see Scil/EFER 1940), the 
earliest investigations on the roots of the spinal cord being made 
by Gotch and Horsley (1891). However the flnctuations in 
the potential level of the ventral root have not been correlated 
with changes in excitability of the cord or with the activity of 
different functional systems. 

Barron and ISIatthews (1938) have demonstrated that 
massive exteroceptive stimulation can cause the building up of 
long-lasting negative potentials. It has further been shown 
(Bernhard and Thert^ian 1947, Bernhard 1947) that flexion 
and extension of the hind Ipg evoked by stimulation' of afferent 
nerves are associated with the development of negative and posi- 
tive potentials in the ventral roots and that the excitability in 
the two antagonistic systems can be correlated to these potentials 
of opposite sign. We have described in a preceeding paper 
(Bernhard and Skoglund 1947) how, in the cat, flexion of a 
hind limb evoked by stimulation of the descending tracts of the 
medulla is also accompanied by the appearence of a slow negative 
potential, in the ventral roots while, extension is accompanied by 
a similar positive potential. 
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While working on these ventral root potentials (recorded from 
a cut ventral root with one electrode near the cord and the other 
on the peripheral end) we noticed that the base line tended to 
move sometimes to the positive and sometimes to the negative 
side and that these displacements correspond to variations of the 
responses transmitted through the cord. 

In this paper we have described a series of preliminary experi- 
ments in which the potential level in the cut ventral roots has 
been recorded under varying conditions at the same time as the 
excitability of the flexor and extensor systems has been studied. 


Results 

The method of stimulation and recording has already been 
described (Skoglund 1947 b, Bernhard and Skoglund 1947). 
In addition we studied changes in the potential level in the 
ventral root by means of a Cambridge spot galvonometer coupled 
to the first two direct-coupled stages of the amplifier. 

Preliminary experiments demonstrated that there may be 
extreme fluctuations in the potential level recorded from a cut 
ventral root (L.^) with one electrode near the cord and the other 
on the peripheral end. 

We attempted to produce regular changes in the potential level 
recorded from the ventral root by changing the afferent in-flow. 
This was accomplished simply by changing the position of one 
of the hind legs. The typical result of such an experiment is 
shown in Fig. 1. The cat was decerebrate and the lumbo-sacral 
sensory roots on the left side had been cut so that afferent im- 
pulses could be transmitted from the right but not from the left 
hind leg. The potential level was recorded from on the left 
side while the right hind leg was moved. The beginning ol each 
curve in Fig. 1 indicates the potential level recorded before each 
observation and it can be seen that flexion (F) of the right leg 
caused an upward displacement of the curve while stretching (E) 
caused a downward displacement. It will be seen that the cliange 
in the potential level which accompanied a change in the posi- 
tion from extreme flexion to qxtreme extension or vice versa 
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Fig. 1. Changes in polenlial level recorded from the left ventral root (L-) by 
changing the afferent in-flow from the right leg. At F the position of the right 
hind leg was changed to extreme flexion and at E to 'c-xtreme extension. One 
electrode was near the cord and the other on the cut end of the root. Upward 
displacement corresponds to an increased negativity under the proximal electrode 
and vice versa. 


was variable; in curve I the difference is about 50 microvolts, 
in curve II about 4<00, while in curve III where the leg was first 
stretched and then bent there was a final increase in negativity 
of about 100 microvolts. Comparable displacements in the level 
of the steady potentials were also obtained with movements of 
the ipsilateral leg in animals with intact afferents. 

It was also found that the extensor twitches of the left hind 
leg evoiked by stimulation of the descending tracts in the medulla 
varied in size and that such variations in the responses were 
related to the fluctuations in the steady potential of the ventral 
root. For instance, an upward displacement of the base-line 
(increase in negativity under the proximal electrode) was cor- 
related with increase of the extensor responses and vice versa. 
The flexor responses also varied with changes in the potential 
level, so that a decreased ventral root negativity was associated 
with increased flexion. 

These experiments, therefore, show that muscle responses 
evoked by meduUaiy stimulation (flexion or extension) vary in 
strength with variations in the level of the steady potential of 
the ventral root. 
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Fig. 2. Single unit potentials from the biceps muscle of the left foreleg during 
slight tension. Each record shows spike distribution after a stimulus applied to 
the right sciatic nerve. Time in 10 msec. 



Table I. 



Exp.nr. 

Influence on \ 
extension and 
accompanying 
positive ventral 
root potential 
decrease ( — ) 
increase ( + ) 

Influence on 
flexion and 
accompanying 
negative ventral 
root potential 
decrease (— ) 
increase ( + ) 

Influence on 
ventral root 
polcnlial level 
towards 

positivity ( + ) 
or towards 
negativity (— ) 
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Since this natural potential field in the cord seems to determine 
the sensitivity of the different functional systems, the next step 
was to investigate the effect of an artificially applied electrical 
field. We investigated the effect of lengthwise polarisation of the 
cord on the slow positive and negative ventral root potentials 
following extension and flexion evoked by stimulation of the 
medulla (see Bernhard and Sk-oglhnd 1947). The polarising 
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Fig. 3. Influence of acetylcholine on the slow positive ventral root potential. 
A. Before the application of Ach B. Some seconds after the application of 
Ach. Time in 100 msec. Full description in text. 


electrodes were placed about 5 cm apart on the dorsum of cord 
one cranially and one caudally of the root in question. 

The effect of polarisation is shown in Fig. 2. The positive slow 
potential of record A was evoked by medullary stimulation and 
was accompanied by extension of the left hind leg when the 
stimulus strength was increased. In record B tliis slow positive 
wave is increased in amplitude by polarisation of the cord with 
the cranial electrode positive. Record C shows the return of the 
positive wave to its initial size at cessation of polarisation. When 
the cord was polarised in the opposite direction the first effect 
was to decrease the size of the slow positive potential. As the 
strength of iiolarisation was increased the effect on the slow 
potential was so great that finally its sign changed and it became 
negative (record D). At the same time the extensor responses 
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were replaced by flexor responses. When polarisation was stopped 
the slow potential became positive once more (record E). An 
analogus effect of polarisation was observed on flexor responses 
and associated negative root potential evoked by medullary 
stimulation. As one would expect, the direction of polarisation 
favourable to extension and a positive root potential Avas un- 
favourable to flexion and a negative potential and vice versa. 

We then attemped to produce similar changes in the functional 
state of the spinal cord by the application of acetylcholine and 
adrenaline. Acetylcholine (1 in 10,000) and adrenaline (1 in 10,000) 
were dropped on the exposed lumbar region of the cord at the 
level from which the records were taken. In every case applica- 
tion of acetylcholine resulted in an increase in the steady nega- 
tivity of the ventral root (500 to 1500 microvolts, see Table 1). 
At the same time flexion of the hind leg evoked from the medulla 
increased in strength and the allied slow negative potential from 
the ventral root increased in size, while the extensor responses 
and the slow positive potential were decreased. It Avas even poss- 
ible to conA'ert extension into flexion and a positive root potential 
into a negative one by application of acetylcholine (Pig. 3). 

Adrenaline, on the other hand, decreased the steady negativity 
of the ventral root in all experiments except one, and this resulted 
in an increase of extensor activity in the leg muscles and a de- 
crease of flexor activity. At the same time extensor positivity 
evoked by medullary stimulation Avas increased and flexor nega- 
tivity decreased. 


Discussion 

In the first series of experiments described in this paper Ave 
have used a physiological method of producing changes in the 
potential level by altering the tension in the muscles of the legs. 
It is obvious that the method of moving the whole leg involves 
very complex changes in the proprioceptive in-floAv. HoAvever, 
one conclusion can be draAvn from the results of the present in- 
vestigation. Since the size and character of the responses evoked 
by medullary stimulation bears a certain relationship to the 
changes in the potential level this may be taken as a measure 
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of the state of intraspinal excitability. In other words, our results 
suggest that electrical fields in the spinal structure exert a reci- 
procal influence on antagonistic systems. 

The experiments in which the cord was polarised shows that 
functional changes analogous to those described above can be 
produced by artificially altering the normal state of polarisation 
in the cord. The opposite influence by polarisation on the exci- 
tability of the two systems is in accordance with results from 
experiments in which the activation of the systems by direct 
current stimulation was studied (Skoglund 1946, 1947 a). 

The potential level may be affected also by the application 
of different substances. Acetylcholine and adrenaline seem, to have 
opposite effects on the potential level recorded from the ventral 
root, as well as on the excitability of the antagonistic systems. 
In preliminary experiments Bernhard and THERRLAisr (1947) also 
observed that acetylcholine and adrenaline had similar influence 
on the slow potentials recorded from the spinal roots. It is too 
early to draw a comparison between our results and the observa- 
tions made on the effects of acetylcholine and adrenaline on spinal 
reflexes evoked by afferent stimulation. Both similar and opposite 
effects of these two substances on extensor and flexor reflexes 
have been demonstrated (Schweitzer and Wright 1937, Bul- 
bring and Burn 1941). 

The fact that the influence on the excitability of the potentials 
evoked by changing the afferent in-flow is different to that pro- 
duced by the application of drugs does not necessarily mean that 
the potentials are of different nature. In order to more clearly 
interpret our results it is necessary to have a wider knowledge 
of the geometrical orientation and the excitability properties of 
the neurones in the different antagonistic systems. 


Summary 

1. The potential level from the proximal part of the cut ventral 
roots (L^ and Sj) has been recorded imder varying conditions, 
at the same time as the excitability in the flexor and extensor 
systems has been studied. 
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2. This potential level has been shown to vary with changes 
in the proprioceptive in-flow and with local application of acetyl- 
choline and adrenaline. 

3. The displacement of the potential level, evoked by these 
methods, is always accompanied by changes in the excitability 
of the antagonistic flexor and extensor systems so that displace- 
ment in one direction corresponds to increased excitability in the 
flexor system and decreased excitability in the extensor system, 
while a displacement in the opposite direction corresponds to an 
opposite effect. Artificial polarisation of the cord in lengthwise 
direction produces analogous results. 

The authors are indepted to The Rocketeller Foundation and The Foundation 
of Therese and Johan .\ndersson for support of this work. 
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Responses of Different Types of Nerve Fibres 
to Ascending and Descending Currents 

By C. V. EULER and C. R. SKOGLUND 


Introduction 

The phenomenon that antagonistic systems in the spinal cord 
of the cat are activated, when direct currents of opposite direction 
are applied, may be due to differences in anatomical orientation 
of the elements in relation to current flow or to different inherent 
properties of the excitable structures. (Skoglund 1946, 1947.) 

Although it is quite clear that further experimentation on the 
spinal cord is necessary in order to obtain more definite inform- 
ation of the factors involved, it is nevertheless tempting to 
investigate whether or not model experiments on peripheral nerves 
can throw some light on the mechanism of the central excita- 
tion processes. A systematic study of the responses of different 
nerves to ascending and descending stimuli was made in order 
to see if phenomena corresponding to those In the spinal cord 
could be evoked in peripheral nerves. 

As is shown in the present paper, it was actually found that fibre 
groups can be separately activated by ascending and descending 
currents. An analysis of the different factors causing the selective 
effect revealed e. g. that while some fibres were most effectively 
stimulated by descending currents, other fibres had a lower thresh- 
old for ascending currents. Some results are also presented from 
a comparative analysis of the loci of generation of impulses in 
aifferently reacting fibres. 
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Methods 


The nerves were excised from decerebrate cats and placed in 
Krebs solution held at a constant pH of about T.r. by bubbling 
a mixture of oxygen (95 %) and carbon dioxide (5 %) through 
the solution. [Krebs solution: NaCl (O .154 M) 100, KCl (0.ir>4 M) 4, 
CaClo (p.ii M) 3, KHnPO^ (0.i54 M) 1, MgSO^ • 7H„0 (O.ir.4 M) 1, 
NaHCOj (0.154 M) 21 volume parts; 1 g. glucose per liter solution.] 
During the recording the nerves were kept in a moist nerve 
chamber having an atmosphere of the above composition and a 
constant temperature of 35° C. The stimulating electrodes were 
of chlorided silver wires of 0.5 mm? diameter. The various arrange- 
ments of the electrodes in different experiments are shown in the 
figures. In our standard arrangement one of the stimulating elec- 
trodes is placed on the crushed end of the nerve and the other 
at a distance of 10 mm. The stimulus form was recorded on one 
beam of the cathode ray tube via a direct-coupled amplifier. Due 
to different amplification the deviation of this beam is not pro- 
portional to the stimulus strength in all experiments. The absolute 
value of the stimulating current was read on an ammeter in series 
with the preparation. The second beam of the tube was connected 
with a condenser-coupled amplifier for recording the nerve 
impulses. 


Results 

A jibre responses. Both make and break responses have been 
recorded in our experiments but only make responses will be 
analysed in the present paper. The effects of stimulation described 
below always refer to make responses, if not otherwise stated. 

The cat’s A fibres, investigated in situ, have a lower threshold 
for descending than for ascending currents, (see e. g. Skoglund 
1945) in accordance with Pfluger’s (1859) classical results on frog 
nerves. In the excised nerves, studied under the conditions de- 
scribed above, A fibres exhibited the same threshold difference, as 
demonstrated in Fig. 1. Record a shows the characteristic rhyth- 
mical responses of the phrenic nerve to a descending current of a 
given strength, while in b, after reversal of the current, no 
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Fig. 1. Responses of the- phrenic nerve lo slimulntion with rcelnnBulnr cur«Ms of 
(a) descending and (b) ascending direction. Slimuhjs form and time marking on 
the upper beam. Time intervals 2 msec. The electrode arrangement is s><own b/ 
the diagram below each record. The ncn'c length in U.c diagrams is divide! m 
centimeters. 


response is observed. A considerable increase in slinnilu.s strength 
was necessary in order to produce a similar response as in a. 

Typical responses of A fibres to currents of opposite direction 
are further illustrated in Fig. 2, obtained from an experiment on 
the cervical part of the vagus nerve. In records a — d the sti- 
mulation was applied in descending direction, in e — h in ascending 
direction. Record a shows a sub-maximal a response. The maximal 
a potential in b is followed by small repetitive discharges super- 
posed on slower waves. The repetitive responses are more marked 
in c and d where the stimulus strength is sufficiently high to 
produce responses from the C fibres as avcH (cf. below). Record e, 
obtained with The same strength as in a, shows that the A 
response to the ascending current is smaller than to the descend- 
ing current. A maximal A wave could be obtained when the 
stimulus strength was increased (f). Further increase, however, 
caused first a reduction (g) and finally a complete abolition 
of the A potential {h). This characteristic inhibition is very pro- 
nounced Avhen ascending current pulses of more than a few msec, 
are applied. 


The typical behaviour of the A fibres, from an experiment on 
the gemto-femoral nerve, is again demonstrated in Fig. 3.' Records 
a-d show that the initial spike potential is followed by repe- 

curlt A descending 

currents. A striking contrast to this behaviour is the complete 
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Fig. 2. The cervical part of the vagus. Stimulation with (a — d) descending currents 
and (e — h) ascending currents. Stimulus duration 22 msec. Time intervals 2 and 
20 msec. Sweep velocity falls off logarithmically. The C waves (conduction velo- 
city about 0.7 m./sec.) are make responses. 


absence of any type of A response to the ascending currents in 
records e — h. The inhibition of the A fibres in this nerve was so 
dominant that even at very low strengths of ascending currents 
no responses were elicited at make; excitation occurred first at 
break of the stimulation (to the right in the records). 

A lower threshold for descending than ascending currents ■was 
typical for all A fibres investigated, as seen in Table I (p. 10), 
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Fig, 3. The femoral branch of the gemlo-ferooral nerve. Stimulation with (a — d) 
descending and (c — h) ascending currents. Tliere is no projK)rtionnlily between 
the strength of tile stimulus and tlie deflection of the beam recording the stimu- 
lus form in the different records. Sthnulns duration about CO msec. Time inter- 
vals 2 msec. Full description in lest. 


where the different observations are collected. The relation be- 
tween the thresholds can be influenced by m;iny factors, e. g. the 
electrode positions or the chemical milieu (cf. SKOGLtXND 1946). 
It is obvious that the uniform results -in the present series of 
experiments are due to the constant conditions in the nerve box. 
All data collected in the table are from experiments in which the 
standard electrode' arrangement was used (see Methods). Special 
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experiments in which systematic changes of the electrode posi- 
tions were made showed, however, that the threshold relation 
remains the same even when the interelectrode distance is in- 
creased up to several centimeters or both electrodes are moved 
to an intact region of the nerve. 

Selective activation oj A and C fibres. The records in Figs. 2 
and 3 are not only selected in order to illustrate the well-estab- 
lished behaviour of the A fibres but also to show the selective 
activation of the C fibres by ascending currents. We will first 
draw attention to the striking differences between records 2 d 
and h. While both A and C fibres are activated by the descending 
current in d, only the C potential appears in h after reversal of 
the current. The separate activation of C fibres at make, without 
any responses from other fibre groups, is clearly demonstrated in 
Figure 3 g and h, although the stimulus duration is such that 
the pronounced responses at break appear just at the end of the 
descending phase of the potential. 

A discussion of the factors causing selective activation is ap- 
propriate at this point. It appears from Fig. 2 g that the depression 
of the A fibres is first observed when the stimulus strength corres- 
ponds approximately to the threshold of the C fibres. Fig. 2 h 
shows that further increase in stimulus strength causes depression 
of the A but riot of the C potential. 

The descending currents activate A fibres and the ascending 
only C fibres, when the stimulus strengths are adjusted to suitable 
values (cf. Fig. 2 b and h; 3 b and g). In the experiment in Fig. 3 
selective activation of the two fibre groups by simply reversing 
the current direction would have been possible if the thresholds 
of the C fibres had been lower for ascending than descending 
currents. In the experiment in Fig. 2 the threshold of the C fibres 
was in fact lower for ascending than for descending currents 
(120 jjA and 165 //A respectively). However, this fact was of no 
importance for the selectivation in this experiment because below 
165 fxh. the A fibres were not completely depressed. It appears 
from this brief discussion that the threshold values for both 
excitation and inhibition in the two fibre systems are important 
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Fig. 5 . The saphenous nerve. Stimulation in a and b with currents of the same 
strength but of opposite direction. Conduction velocity of the C wave in record 
a is about 0.75 m./sec. Time intervals 2 . and 20 msec. Full description in text. 




Fig. 6. Responses of one of the accelerantes branches from the right stellate gang- 
lion to the heart. The same stimulus strength in both records. Time intervals 2 
and 20 msec. 


The C fibres in three out of four genito-femoral nerves were 
stimulated at a definitely lower threshold by ascending than by 
descending currents. The C fibres in the saphenous nerve showed 
the same threshold difference as illustrated in Fig, 5. In record 
a an obvious C fibre response is obtained by an ascending sti- 
mulus of 120 uA. while in h, after reversal of the stimulus, a 
current strength of 160 juA caused no excitation of the C fibres. 

The C fibres were further investigated in the accelerantes and 
the typical result is seen in Fig. 6. A current which gives a 
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Fig. 7. Responses of tlic cervical sympnlhelic trunk to slimulalion with (a) 
descending and (b) ascending currents of the same strength. Time interv'als 2 
and 20 msec. 


maximal C wave when applied in ascending direction (a) is with- 
out excitatory effect when reversed (6), 

The C potential in the cervical sympathetic was usually of 
small voltage (cf. Bishop and Heinbecker 1932). In the two 
cases where it was possible to determine the threshold relation, 
it was found to be the same as, that of the accelerantcs. 

All the hypogastric nerves investigated were most effectively 
stimulated by ascending currents. 

It can thus be concluded (cf. Table I) that the C fibres are, as 
a rule, stimulated at a lower threshold by ascending than by 
descending currents under the conditions for these experiments. 

B fibre responses. The study of the B fibres in the vagus was 
rendered difficult by the repetitive A fibre activity and there- 
fore no threshold determinations of this fibre type were made. 
The B fibres in the cervical sympathethic trunk Avere tested in 
several different nerves and in all of them the B fibres showed 
the typical behaviour seen in Fig. 7, i. e. a greater response to 
a descending than to an ascending current of the same strength. 
The B fibres in the hypogastric nerves also showed the same 
relation between the thresholds. As appears from Table I, the 
analysis of the B fibres was not very extensive. However, all the 
nerves investigated showed the same behaviour as the A .fibres. 
This result is in accordance with Gkundfest’s (1939) statement 
that in many respects B fibres behave more as thin fibres of 
the A group than as C fibres. 
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Table I. 


Nerve 

Fibre class 

Nerve 


A 

C 

B 


Sciatic 

— 


Cerv. sympathetic 

— 


Phrenic 

— 




+ 

Saphenous 

— 

+ 

> 

— 


Genito-femoral 

— 


> 

— 



— 

— 

> 

— 


> 

— 

4* 


— 


Ti 

— 

+ 

Hypogastric 

— 

+ 

Vagus 

— 


> 




— 


> 

— 

+ 

» 

— 


> 

— 


2 


+ 

> 



It 

— 

-f* 

Accellerantes 


+ 

1 

— 


> 


+ 


— 

— 





— 

■f 

1 




— = lowest threshold for descending currents (i.e. cathode towards the leads). 
+ = lowest threshold for ascending currents (i. e. anode towards the leads). 


Selective activation of B and C fibres, A comparison of B and 
C responses to stimuli pf opposite direction was made in experi- 
ments on the hypogastric nerve. These neryes showed a dominat- 
ing C wave and a small B potential (cf, Grundfest and Gasser 
1938). Fig. 8 a shows that a descending current of a strength 
corresponding to a maximal B wave is subthreshold for C fibres. 
The threshold of the C fibres is attained first when the current 
strength is increased (6). Record c shows maximal B and C waves. 

When the current is reversed, the threshold of the B fibres is 
raised and that of the C fibres lowered. This makes a selective 
activation of either B and C possible by simply reversing the 
current direction, as shown in Fig. 9. In record a the strength 
of the descending current is such as to produce a maximal B wave 
but no C potential. When the polarity of the stimulus is reversed 
without changing the current strength, the picture is opposite 
as seen in record b; a maximal C wave but no B potential. 
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Fig. 8. Responses of Uie hj’pogastric nerve to descending stimuli of successively in- 
creasing strength. Record a, maximal B wave only (conduction velocity about 6 
m./sec.); b, -maximal B wave and tlireshold C response (conduction velocity 
about 0.75 m./sec.), c, maximal R and C waves. 



Fig. 9. Hypogastric nerve, a, B response to descending current, b, separate C 
response to ascending current of the same strength. Stimulus duration 4^ msec 
Time intervals 2 msec. See text. 
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Fig. 10. Phrenic nerve. Various arrangements of the stimulating electrodes^ are 
shown in the diagrams to the left; corresponding A fibre potentials to the right. 
Open circles; locus of excitation. See text. 


Loci of excitation in A and 0 fibres. It is generally accepted 
that in A fibres, which have their lowest threshold of excitation 
when the cathode is towards the leads, the impulses are ge- 
nerated at the region of the nerve in contact with the cathode. 
It is of interest to see whether the locus of excitation is the same 
or not in C fibres, which have the lowest threshold of stimulation 
when the anode is towards the leads. Some results from a com- 
parative analysis of A and C fibres are presented. In these pre 
liminary experiments the method used to determine the locus o 
excitation was to change the positions of the stimulating elec 
trodes; a rather primitive method which nevertheless throws some 
light on the question. 
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Fig. 11. Vngu.s nerve. Elcclrode positions to the left; corrcsiwmiing C fibre fwlen- 
tials to tlie right. Open mui filled circle.s show the different loci of excitation. 
See text. 


A typical experiment on the A fibres (in the phrenic nerve) 
is first illustrated, Fig. 10. It appears from a comparison between 
the diagrams A, B and C that, when the cathode is moved along 
the nerve, the latencies of the A potentials become successively 
reduced in proportion to the shortening of the distance between 
the cathode and the leads. Assuming that the locus of excitation, 
marked by an open circle in record A, is at the cathode, by 
calculating the loci of excitation in records B och C from the 
latencies of the respective imtcntials, the origin of impulses is 
then found to be exactly under the negative electrode in both 
B and C. The calculations are made on the presumption that the 
conduction speed is not influenced by the altered electrotonic 
conditions; nor can the possible error be very great since the 
electrode arrangement in record D gives the same spike latency 
as in C. 

Records E — G show the results when the anode is moved. The 
latency now remains constant showing that the impulses are 
still originated at the cathode. Only when the negative electrode 
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Fig. 12. Vagus nerve. Experimental conditions as in Fig. 11. See text. 


is moved a change in latency can be observed {H). The results 
obtained in experiments from A fibres by this method are thus 
quite clear. 

Fig. 11 shows the results from a similar experiment on C fibres 
having the typical threshold relation. Records A — D and F — ff 
show that, when descending and ascending stimuli are applied, 
the loci of excitation are exactly the same as in experiments on 
A fibres. We noticed, however, one difference; when the stimulus 
strength of the descending current was increased above the 
maximal' C potential (records and Cj), double waves appeared. 
The origins of these new waves, calculated from their latencies, 
were found to be at the points marked by filled circles. The 
simplest interpretation of this result is that excitation took place 
at two different points on the nerve simultaneously, one near the 
cathode, the other near the anode. It was observed in all experi- 
ments on the C fibres that excitation can take place both at 
the cathode and at the anode. This is most clearly shown in the 
experiment in Fig. 12. Records A, B and C show that the locus 
of excitation is at the cathode, when descending stimuli are 
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Fig. 13. The nccclernnles. Tiic upper diaprnnis refer to rccortls a niul r; the lower 
diagrams to b and d. Time intervals 20 msec. See text. 


applied. If the current is reversed and the anode is moved, how- 
ever, the latencies do not remain constant as in the prcviou.s 
experiments (Figs. 10 and 11) but become successively shorter. 
Whether the excitation in D takes place at the cathode or at 
the anode cannot be determined, but if the loci of excitation in 
E and F are calculated as before they are found to be situated 
at the points marked by the filled circles, i.c. under the anode 
in E and nearer the anode than the cathode in F. 

The same result is also illustrated by some records from an 
experiment on the acceleranles, Fig. 13. The records show that 
the latencies become shortened both when the cathode and when 
the anode is moved towards the leads. 

In all these experiments the thresholds of the C fibres have been 
lower for ascending than for descending currents, irrespective of 
the electrode positions. 


Discussion 

Our investigations have given a positive answer to the question 
raised in the introduction, whether or not in peripheral nerves 
different fibre systems can be activated by stimuli of opposite 
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direction. The results obtained, namely, that one fibre group 
is activated by a current of a given direction and inhibited by a 
current of opposite direction concurrently activating a different 
fibre system, show an interesting analogy to the similar pheno- 
mena of excitation and inhibition in the spinal cord. 

In the course of the investigation our attention Avas drawn to the 

relation between thresholds for ascending and descending currents, 
a problem Avhich, with a few exceptions, has not been studied 
with the help of modern methods. Rosenblueth (194<1) found 
in experiments on cat nerves in situ that the thresholds for 
descending and ascending currents at make varied with different 
electrode positions, so that no fixed relationship could be deter- 
mined. Skogliind (1945) found that at a given electrode position 
constant threshold values were obtained in cat nerves, while in 
excised frog nerves the thresholds were variable. 

In the present experiments on excised cat nerves it was surpris- 
ing to find threshold values of such a constancy, that a differ- 
entiation between fibres was possible. It must be emphasized 
that the typical differences between the respective fibre classes 
are based only upon investigations of the nerves specified in Table I 
and therefore the results should not be generalised. This applies 
particularly to the B fibre group which has been studied only 
in a few different nerves. A further analysis may also reveal 
threshold differences between fibres in one and the same group. 
Certain differences between the responses of autonomic and 
somatic C fibres to direct current stimulation have already been 
demonstrated (C. v. Euler 1947). 

We have deliberately used the terms descending and ascending 
currents instead of cathodal and anodal stimulation for the follow- 
ing reasons. First, as appears from the last section, special in- 
vestigations are necessary in order to determine whether excitation 
takes place in the region of the nerve at the cathode or at the 
anode. Secoadly, even if the excitation is localised to the neigh- 
bourhood of the anode, impulses may in fact originate from a 
spurious cathode. Membrane potentials have been demonstrated 
at the anode which are different from those at the cathode (in 
Sepia nerves by Arvanitaki and Cardot 1939, Arvanitaki 
1943 and in frog nerves by Lorente de No 1947), but even 


16 



here it has been demonstrated that the impulses appear on the 
negative phase of the fluctuations in the membrane potentials. 
According to Lorente de No excitation in frog fibres by the 
closure of the anodal currents occurs only when the nerve is in a 
rhythmical state and when weak stimuli are used. Although these 
conditions do not exist in our experiments on C fibres, excitation 
does occur in the region of the anode. No studies of the membrane 
potentials have been made in our present investigations. It is 
interesting, however, to note that the latency of the responses 
evoked by ascending currents is always longer than that by 
descending currents, which might indicate that the membrane 
processes in the two cases are different also in cat C fibres. 

The different thresholds for ascending and descending currents 
are not easy to explain on the basis of our present knowledge 
(cf. Schaefer 1940). The contrary behaviour of A and C fibres 
can be fully understood only when the membrane properties of 
the C fibres are as well-established as those of the A fibres. 


Summary 

The responses of different types of nerve fibres to stimulation 
with direct currents of descending and ascending direction have 
been studied in excised cat nerves. Make responses only have 
been analysed. 

Under the given experimental conditions, fibres of different 
groups behave as follows: 

A fibres (in the sciatic, phrenic, vagus, genito-femoral and saphe- 
onus nerves) are stimulated at a lower strength by descending 
than by ascending currents. 

B fibres (in the cervical sympathetic and the hypogastric nerve) 
are most effectively stimulated by descending currents, 

C fibres (in the vagus, genito-femoral, saphenous, hypogastric 
and accelerantes nerves) have a lower threshold for ascending 
than for descending currents. 

C fibres can be separately activated in mixed nerves by stimula- 
tion with direct current of ascending direction. 
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Preliminary experiments have been made ia order to analyse 
the excitation processes in nerves reacting differently. The experi- 
ments show that while in A fibres the excitation at make always 
takes place near the cathode, the make excitation in C fibres may 
also occur near the anode. 

Special attention is directed to the parallellism between the 
selective activation of different fibre systems in peripheral nerves 
and of different systems in the spinal cord evoked by reversing 
the polarity of the stimulus in both cases. 


This work has been supported by grants from the Rockefeller Foundation to 
the Nobel Institute for Neurophysiology and from the Foundation »Therese and 
Johan Anderssons Minne^. 
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Oa the Functional Organisation 
of the Motoneurons in the Lumbo-Sacral Segments 
of the Spinal Cord 

By K. E. ASTRO M 


Introduction 

It has long been known that the cell-bodies of the motoneurons 
are arranged in groups (columns) of characteristic shape within 
the grey matter of the spinal cord (Van Gehuchten and De 
Neef 1900, Romanes 194<1, Eeeiott 194*2 and others). This 
arrangement may be of functional significance, but despite several 
attempts to obtain a correlation between individual muscles and 
different cell-columns (Marinesco 1904* and others), no generally 
accepted interpretation has been found (see Elliott 194*2). 

The investigations referred to, only deal with the cell-bodies 
and not with dendrites of the motoneurons nor with premotor 
elements (interneurons, afferent collaterals etc.). 

The fundamental analysis of the central synaptic transmission 
made by Lorente de No (see e. g. 1938, 1939 and 194*7) has 
brought to light the importance of correlating anatomical and 
physiological data in the study of the synaptic transmission to 
motoneurons. It is apparent that an analysis of the functional 
orientation of the motoneurons in the spinal cord requires a study 
of all structures, the cell-body and the axon being only the last 
functional stage. Lorente de No (1938) also has emphasized 
onr incomplete knowledge of the functional organisation of the 
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dendntes jn the spinal cord (cf. Bernhard and Rexed 194,5 
WOOLSEY 1947). 

The question concerning the orientation of the motoneurons 
with antagonistic functions is of great interest in connection 
with recent observations on the antagonistic effects of arti- 
ficial stimulation of the spinal cord with currents of opposite 
direction (Skoglund 1946, 1947) and also vdth obser\^ations on 
the slow ventral root potentials of opposite sign following reflex 
activity in antagonistic systems (Bernhard and Therman 1947, 
Bernhard 1947). These phenomena may indicate a difference 
in the geometrical orientation of antagonistic motoneurons (cf. 
Loeb 1918) and their dendrites. 

The explorative experiments to be described in this prelimi- 
nary report deal with a functional analysis of the dendritic rami- 
fications of motoneurons at the boundary between the L~ and S, 
segments of the spinal cord. The experiments are based on a 
correlation of electrophysiological and histological data. 


Methods 

21 experiments have been performed on 10 cats under dial 
anaesthesia ( 0.5 cc pei- kg.). The dorsal roots were cut bilater- 
ally from Lg to S^. A fine needle electrode insulated except for 
the point (diameter not exceeding O .03 mm) was used for micro- 
stimulation of the spinal cord. The indifferent electrode was 
clamped to a spinous process. The action potentials were recorded 
from the deep fibular nerves and the gastrocnemius nerves (on 
both sides) with the aid of a condensor-coupled amplifier and 
a cathode ray oscillograph. The threshold values for the action 
potentials in the different nerves were determined at varying 
positions of the stimulating point, the needle being pushed 
through the spinal cord with aid of a micrometer gauge. The 
formol-fixed spinal cord was frozen and direct studies made of 
serial sections (100 thick). The channel made by the needle- 
electrode was easily reconstructed from these preparations, (see 

Fig. 1 nnd 2). 
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Results 


Stimulation of different points at the boundary between the 
and segments is followed by potential responses in the 
deep fibular and gastrocnemius nerves, the different latencies of 
which indicate both direct as well as mono-and multisynaptically 
transmitted impulses (cf. Renshaw 194'0). This paper only deals 
with the potential waves due to direct stimulation of different 
intraspinal structures of the motoneurons. 


Direct volleys evoked from the anterior horn. 

The lowest threshold values for direct volleys in the different 
nerves are generally obtained when that part of the white matter 
which contains ventral root fibres is stimulated. Dorsally the 
threshold is somewhat higher. Within the lateral part of the 
anterior horn the low threshold region for the gastrocnemius 
nerve lies dorsally to the corresponding area for the deep fibular 
nerve. There are many indications that the cell-bodies of the 
motoneurons to the gastrocnemius nerve lie in the postero- 
lateral cell-column of the anterior horn. 

Fig. 1 shows the diagrams from two representative experiments 
(A and B) which may indicate a difference in the intraspinal 
course of the motoneuron fibres to the different nerves. The thresh- 
old values for direct volleys in the gastrocnemius nerve (solid 
line) and the deep fibular nerve (broken line) are plotted against 
the depth of the needle point in mm. from the dorsal surface. 
The course of the channels (A and B) made by the needle in the 
two experiments is illustrated below the diagrams. The displace- 
ment to the right of the curve for the deep fibular nerve in 
relation to the curve for the gastrocnemius nerve thus may in- 
dicate that the cell-bodies of motoneurons belonging to antago- 
nistic systems have a different orientation in the dorsoventral 
plane. Further studies of the neighbouring segments are necessary 
to solve this problem. 
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Fig. 1. A and B, threshold cun’es for direct volleys in the gastrocnemius nerve 
(solid line) and the deep fibular nerve (broken line) on the left side (two experi- 
ments). The strength of the threshold stimulus in arbitrary units (vertical axis) 
is plotted against the distance between the stimulating needle point and the 
dorsal surface of the spinal cord (in mm.; horisontal axis). The sketch below 
illustrates the two channels made by the needle in the two experiments (A and 
B). The figure is microscopically reconstructed from serial sections. Boundary 
between the I/r and Si segments. 

Direct volleys evoked from other areas than the 
anterior horn. 

At an early stage in the investigations it was observed that 
direct responses could be evoked from the dorsal region of the 
spinal cord. Actually, it became apparent that direct volleys 
with relatively low thresholds could be evoked from widespread 
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Fig. 3. Two anterior horn cells with dendrites. Mouse, spinal cord, lumbar seg- 
ment, Golgi method (from an unpublished figure provided by the kindness of 
Dr. Rafael Lorente de N6). 

regions within the segment under observation. The shape of the 
threshold curves does, however, vary considerably depending on 
the path followed by the stimulating electrode on its passage 
through the spinal cord. This fact refutes the supposition that the 
motoneurons are stimulated by direct current spread to the 
anterior horn. Further, a difference in latency (about 0.3 msec.) 
has been found for the direct responses evoked from dorsal and 
ventral regions. Neither can the direct potential waves evoked 
from the dorsal region be transmitted in afferent fibres since the 
dorsal roots to S„ had been cut. The observations, therefore, 
favour the assumption that the dendrites of the motoneurons 
are locally excited. 

Fig. 2, shows the different shape of the threshold curves obtained 
from the gastrocnemius (solid line) and deep fibular nerves 
(broken line) on the right (A) and left (B) side, when the needle 
electrode passes from the right to the left and penetrates the 
commissures. The pictures below the diagrams in Fig. 2 show 
the channel of the needle electrode. It should be pointed out that 
the distance between the needle point and the dorsal surface 
should be corrected due to the depression of the spinal cord under 
the electrode. Experiments have shown that this error is limited 
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to the moment when the needle penetrates the dorsal surface of 
the cord. 

The three dips of the curves in 2 A indicating low threshold 
values correspond to: 1) right dorsal root entrance zone, 2) pos- 
terior commissure and the dorsally situated part of the right 
posterior funiculus, 3) left anterior funiculus. The two crests cor- 
respond to; 1) the medial area of the right posterior horn pene- 
trated by the needle and 2) the central canal. 

In addition direct responses could also be evoked from the 
lateral funiculi, j. e. from an area containing presynaptic collater- 
als. Effects have been obtained from the nerves on one or both 
sides following ipsi- as well as contralateral stimulation. 

Fig. 3 is a picture from the collection of Dr. Lorente de No 
which shows the dendritic branches from two -anterior horn cells. 
The dendrites obviously show a general tendency towards the 
ix)sterior, anterior and lateral parts of the spinal cord (cf. Cajal 
1909) and in the above experiments it is interesting to note that 
relatively low threshold values are obtained from the posterior, 
anterior and lateral funiculi. In addition the above experiments 
also indicate dendritic branches towards the contralateral part 
of the spinal cord (see Fig. 2). 


Discussion 

The steep slopes and the varying shape of the threshold curves 
indicate great selectivity in the method of stimulation. A rela- 
tively strong stimulus is generally required in order to evoke 
nerve volleys from the dendrites. This would seem to indicate that 
it is necessary to create a current field of a certain extensiveness 
and density in order to stimulate a sufficient number of the fine 
dendritic branches thus producing a discharge from the moto- 
neurons. Stimulus strength then does not only indicate the thresh- 
olds of the single dendritic fibres but may also reflect the density 
of the stimulated units. Consequently the curves in Fig. 2 A may 
reflect the relative density of the dendrites in different regions. 

The above experiments show that it is possible to stimulate 
different parts of the motoneurons and indicate that the dendritic 
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branches are principally localised to areas containing presynaptic 
collaterals. The physiological significance of the correlation be- 
tween the orientation of collaterals and motoneuron dendrites is 
obvious. 

.It is of’ great interest to compare these results with Cajal’s 
description of the motoneuron dendrites. In his classical work 
on the histology of the central nervous system Cajal demon- 
strated the copious branching of the dendrites and described their 
general orientation. Starting with a purely morphological de- 
scription he, gave a physiological interpretation of the dendritical 
branching which in, a surprising manner agrees with the conclu- 
sions to be drawn from the present experiments. x.On ne pent, 
en effet, s’empecher de.penser que la diversite topographique de 
leurs nombreuses dendrites a pour but de mettre des segments 
differentes de I’appareil protoplasmique ou recepteur de la cellule 
au contact de chacune des especes de collaterals qui circulent 
dans la come anterieure.» (Cajal* 1909). 


Summary 

1. Experiments have been performed in which microstimu- 
lation (needle point not exceeding O.0.3 mm) of the spinal cord at 
the boundary between the and;i!Sj segments was used. The 
relative threshold values for direct potential waves recorded from 
the gastrocnemius and deep fibular nerves (of both sides) were 
measured at different depths of the stimulating needle point. 

2. The experiments show that local stimulation of different 
intraspinal structures of the motoneurons is possible. 

3. Relatively low threshold values obtained from the posterior, 
anterior and lateral funiculi may indicate the localisation of 
dendritic bundles within these regions. 

4*. The distribution within the anterior hom of the low thresh- 
old areas for the gastrocnemius and deep fibular nerves may 
indicate different localisation of the motoneurons belonging to 
antagonistic systems. Other interpretations are not excluded. 
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